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With  Plates  1  to  IX. 

Article  i. 
General  Consideration. 


This  article  and  the  next  were  written  mainly  in.  1903. 

The  problem  in  them  is,  for  simplicity  sake,  limited  to  the 
vertical  vibrations  of  hull,  that  is,  the  lateral  vibrations  about  a 
horizontal  plane,  (but  of  course  similar  reasoning  applies  to  the 
horizontal  vibrations  for  a  first  approximation,  although  a  ship  is 
generally  devoid  of  symmetry  in  this  latter  case). 

On  this  understanding,  I  consider  a  ship  as  a  free-free  bar 
symmetrical  about  the  centre  line  plane  and  treat  her  as  subjected 
to  forced  vibrations  under  the  influence  of  unbalanced  forces  of 
engines  (both  main  and  auxiliary)  and  propellers,  but  not  taking 
account  of  wave  effects  of  the  surrounding  water. 

For  the  general  theory  of  vibration,  I  follow  the  course  in 
Lord  Rayleigh's  theory  of  sound  and  use  his  notations. 

Denoting  the  potential  energy  V  of  the  strained  state  and  the 
kinetic  energy  T  of  a  vibrating  system  in  terms  of  normal  coord- 
inates, we  have 
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where  c^c-:,...  are  the  normal  coordinates  and  ylt  <p.lt...  denote  the 
differential  coefficients  of  <pu  <p.,,...  with  respect  to  time,  and  cu  cs>... 

a,,  fla       are  all  constants,  provided  the  displacements  are  small. 

Next,  I  assume  that  the  dissipative  function  F  is  also  ex- 
pressible in  the  form 

*4&#+&*r9+   >  }   (2) 

where  bu  62l.,,  are  constants.    This  function  does  not  include  the 
effect  of  the  surrounding  water,  but  simply  the  effects  as  com- 
monly allowed  for  the  vibrations  in  the  air. 
Then  the  Lagrange's  equations 

r-l.*,...  | 

at  \  c(s,.  /      c(pr      cipr  occr 

where  t  is  the  time  and  <I\.  is  the  component  of  external  forces  in 
the  direction  of  <pr,  give  for  the  equations  of  motion 

a,i:r  +  b,^.+c,<pr=^r<  (r=l,  2,  )    (3) 

The  general  solutions  of  the  above  equations  are 

fp,  —  A,e~~  **r*cos(w'£— B,) 

+  ^-('e~'^t~t\mnr{t-t')>S>'rcU',   r=l,  2,   (4) 

a,n  y 

where 

*r=— >       n-  =  — ,        nr  =  (w/— » 

and  <I>/  is  the  value  of  <I\.  at  time 

The  lower  limit  of  the  integral  of  the  last  term  must  be  taken 
so  that  the  integrated  expression  vanishes  at  that  limit.  Ar  and 
Br  are  arbitrary  constants. 


On  Vibration  of  Steamre?. 


3 


In  the  case  of  a  steamer,  are  the  forces  due  to  the  unba- 
lanced forces  of  engines  and  propellers,  and  these  may  be  ex- 
pressed in  terms  of  harmonic  functions  by  Fourier's  theorem  such 
as  Ei  cos  (pLt—£i),  E2  cos  (pJ— etc.,  acting  at  points  xu  x.2,...  of 
the  ship ;  of  these  some  may  coincide  when  the  forces  $r  are  not 
all  strictly  harmonic. 

Thus,  for  a  reciprocating  engine  moving  at  a  uniform  angular 
velocity,  the  force  may  be  decomposed  into  a  harmonic  force  of 
the  same  period  as  the  time  of  one  revolution  and  its  even  upper 
harmonics,  and  for  a  propeller  into  harmonic  forces  of  periods 
equal  to  the  period  of  one  revolution  divided  by  the  integral 
multiples  of  the  number  of  blades. 

The  above  consideration  includes  the  couples  caused  by  any 
set  of  unbalanced  forces. 

Hence  the  general  expression  for  <!>,.  is 

<I\ = Lfj\ it,.Escos  (pst  -  is)dx 

=2i.uAx,)E,coB(ptt-et),  s=l,2,   (5) 

i 

where  is  the  normal  function  corresponding  to  <pn  and  v,(x^ 
denotes  the  value  of  u,.  at  the  point  xs. 

Substituting  this  value  in  (4)  and  working  out  the  necessary 
calculations,  we  have  the  well  known  expression 

/fu:(x,)?:  -  .  c°s(pj-c -°.)>]  (6) 

where     tan  d3=    Kp*  . 

In  the  above  expression  for  <pn  the  term  containing  c~'^rt  is 
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omitted,  as  we  have  to  deal  with  vibrations  in  the  stationary 
statu. 

Hence  wo  see  front  (6),  that  the  period  of  a  forced  vibration 
must  be  the  same  as  that  of  the  impressed  force;  i.e.,  a  harmonic 
force  can  only  excite  vibrations  having  their  period  equal  to  that 
of  the  force,  and  can  never  excite  vibrations  with  periods  different 
from  that  of  the  force  either  shorter  or  longer. 

The  amplitude  of  vibration  of  each  period  is  directly  propor- 
tional to  the  magnitude  of  the  impressed  force,  and  also  to  the 
value  of  the  normal  function  at  that  point,  namely,  at  the  point 
at  which  the  impressed  force  ads.  It  is  inversely  proportional  to 
the  mass  corresponding  to  <pr  and  depends  upon  the  relative 
periods  of  the  force  and  the  mode.  If  the  point  of  application  of 
the  force  be  at  a  node,  ur=0,  and  consequently  ?r  is  independent 
of  that  force,  showing  that  a  force  acting  at  a  node  in  any  mode  of 
vibration  cannot  generate  that  mode,  however  great  be  the  magni- 
tude of  that  force.  If  nr—ps,  the  amplitude  becomes  a  maximum  ; 
synchronism  is  established. 

To  find  the  normal  functions,  I  have  proceeded  as  follows: 

The  potential  energy  of  bending  a  ship  is 


integrated  over  the  whole  length  of  the  ship;   where  q  is  the 
Young's  modulus;  /»■,  the  radius  of  gyration  of  the  variable  section, 
a),  the  sectional  area;  R,  the  radius  of  curvature;  and  ds,  a  length 
element  of  the  neutral  axis. 
Or  approximately 
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if  we  take  for  the  x-axis  the  neutral  axis  of  the  ship  supposed 
straight  at  its  position  of  equilibrium.  The  expression  (7)  assumes 
that  the  neutral  axis  of  ship  remains  always  nearly  horizontal, 
and  the  square  of  the  tangent  of  inclination  of  that  axis  at  any 
instant  to  the  x-axis  is  small  compared  to  1. 
The  kinetic  energy  is 

r=tH£W'*K££),a*  :  (8) 

where  P  is  the  mass  of  unit  volume.  The  second  term  of  the 
right-hand  member  denotes  the  effect  due  to  rotatory  inertia. 

Tl     — — — — 


and  at  both  ends, 

it'Dx       ix  \  ^X1  I 

■St-ft 

Suppose  //  =  Const,  x  u  cos  nt,  where  u  is  a  function  of  x  only, 
then  we  have  from  (9), 

— -I  qk-oj  )  —  /Hon- u  + 7i-  — I  />lc co —  1  =  0   (9  ) 

dx-\       di-  J  dx\  dxJ 

If  we  neglect  the  part  of  the  kinetic  energy  due  to  the  effect 
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omitted,  as  we  have  to  deal  with  vibrations  in  the  stationary 
state. 

Hence  we  see  from  (0),  that  tin:  period  of  a,  forced  vibration 
must  be  the  same  as  that  of  the  impressed  force;  i.e.,  a  harmonic 
force  can  only  excite  vibrations  having  their  period  equal  to  that 
of  the  force,  and  can  never  excite  vibrations  with  periods  different 
from  that  of  the  force  either  shorter  or  longer. 

The  amplitude  of  vibration  of  each  period  is  directly  propor- 
tional to  the  magnitude  of  the  impressed  force,  and  also  to  the 
value  of  the  normal  function  at  that  point,  namely,  at  the  point 
at  which  the  impressed  force  acts.     It  is  inversely  proportional  to 


To  find  the  normal  functions,  1  have  proceeded  as  follows: 
The  potential  energy  of  bending  a  ship  is 


integrated  over  the  whole  length  of  the  ship;  where  q  is  the 
Young's  modulus;  />-,  the  radius  of  gyration  of  the  variable  section, 
a),  the  sectional  area;  E,  the  radius  of  curvature;  and  ds,  a  length 
element  of  the  neutral  axis. 
Or  approximately 
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if  we  take  for  the  x-axis  the  neutral  axis  of  the  ship  supposed 
straight  at  its  position  of  equilibrium.  The  expression  (7)  assumes 
that  the  neutral  axis  of  ship  remains  always  nearly  horizontal, 
and  the  square  of  the  tangent  of  inclination  of  that  axis  at  any 
instant  to  the  x-axis  is  small  compared  to  1. 
The  kinetic  energy  is 

r=*K£W>KiSf*  :  (8> 

where  P  is  the  mass  of  unit  volume.    The  second  term  of  the 
right-hand  member  denotes  the  effect  due  to  rotatory  inertia. 
Then, 

l         Ct'OX      ox  \         cx-Jt  dx-  \  ox  J 

Therefore,  since  $y  and  are  both  arbitrary,  we  must  have, 

throughout  the  range  of  integration 


V 

03? 


and  at  both  ends, 

ot-ox      ox  \         ox1  I 


(10) 

=  0. 

ox1 


Suppose  ?/  =  Const.  x  u  cos  nt,  where  u  is  a  function  of  x  only, 
then  Ave  have  from  (9), 


*(qWa,^\-p«m*u+tf  lj>^Uo   (9') 

dx-\       dx1  J  dx\  dx) 

If  we  neglect  the  part  of  the  kinetic  energy  due  to  the  effect 
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of  rotatory  inertia,  the  equation  (9')  becomes  simpler  and  takes 
the  form 

-jri ffi<»-zj)  =;non-u   ('.)") 

dx-\        ax-  J 

Also  then  the  conditions  (10)  become 

*!L-0,       _^L=0   m 

dxA  dx- 

Neglecting  the  effect  of  the  rotatory  inertia  may  sometimes  be 
considered  serious  in  such  cases  as  ships  "\vitli  military  tops,  etc., 
but  my  present  object  being  to  find  out  the  normal  functions  to 
the  first  order  of  approximations,  I  started  with  the  equations 
(9")  and  the  conditions  (10')  at  both  ends. 

Although  the  equation  (1)")  cannot  generally  be  solved  in 
analytical  form  for  a  complex  figure  as  a  ship,  we  may  solve  it 
graphically  with  sufficient  approximation  by  means  of  mechanical 
integration  found  out  by  Lord  Kelvin.  (See  Thomson  &  Tait- 
Natural  Philosophy  Part  I,  p.  500.) 

He  used  his  brother's  disc-,  globe-,  and  C3rlinder-  integrators, 
but  I  substituted  for  them  Abdank  Abakanowicz's  integraphs,  as 
the  latter  are  more  familiar  to  us,  the  naval  architects.  (See 
Abdank  Abakanowicz-Les  integraphes,  la  courbe  integrale  et  ses 
applications.  See  also  Pollard  et  Dudebout — Theorie  du  navire. 
Tome  1,  chapitre  III.) 

Take  four  integraphs  and  connect  the  recording  point  of  the 
first  so  as  to  give  a  vertical  motion,  name]}7,  a  motion  perpen- 
dicular to  the  base  line,  equal  to  its  own  to  the  tracing  point  of 
the  second. 

Similarly  connect  the  recording  point  of  the  second  with  the 
tracing  point  of  the  third  and  so  on  up  to  the  fourth.    Let  y,  //,, 
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l'-2,  Uz  be  the  distances  of  the  tracing  points  of  the  first,  second,... 
 integraphs  from  respective  base  lines  at  any  time.  Let  in- 
finitesimal horizontal  motions  (pwrifylx,  dx,         dx  be  given  simul- 

q  fc-at  0 

taneously  to  the  first,  second,  tracing  points  respectively. 

The  vertical  motions  of  the  recording  points  thus  produced  are 

diji^y{p(on-)dx,       dy^yxdx,       dyt=  11  fx  ,  dy^yJx. 

gk-<o 


Therefore, 


(ipmnr)y=~-(qP(o^±.). 
dx-  dx- 


Now  couple  the  last  recording  point  with  the  first  tracing 
point,  so  that  their  vertical  motions  shall  be  equal — that  is  to  say, 
y—i)A-  Then  putting  »i  to  denote  the  common  value  of  these 
variables,  we  have 


d!  (  7 .,    d  'u.  , 

 1  qk-oj  \=pconru, 

dx'-\  dx1 


namely,  the  curve  recorded  by  the  recording  point  of  the  last 
integraph  is  the  graphic  solution  of  the  equation  (9"). 

Moreover,  as  we  may  choose  quite  arbitrarily  the  initial 
values  of  the  four  quantities  y,  yh  y2,  y3,  the  above  solution  is  the 
most  general  solution. 

A  machine  fulfilling  the  above  conditions  may  be  constructed, 
but  as  I  had  only  one  integraph  available,  I  used  a  graphical  in- 
tegration according  to  the  above  principle. 

We  have  to  impose  upon  the  solution  the  conditions  (10'). 
This  is  effected  by  taking  the  initial  positions  of  the  recording 
points  of  the  first  and  second  integraphs  coincident  with  the 
respective  base  lines,  so  that  at  one  end  of  the  ship 

We  have  still  to  satisfy  the  condition  (10')  at  the  other  end. 
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The  initial  value  of  u  must  still  remain  arbitrary,  since  we  are 
quite  at  liberty  to  select  an  arbitrary  constant  to  be  multiplied  to 
a  to  satisfy  the  equation  ((.)"). 

Therefore  we  have  to  choose  the  initial  value  of  and  the 
value  of  n-  so  as  to  satisfy  the  conditions  at  the  other  end. 

At  first  I  thought  the  above  choice  would  be  very  difficult, 
hut  while  working  out  the  example  at  the  end  of  this  article,  I 
discovered  that  a  very  rough  approximate  values  for  ~  and  w  are 

sufficient  to  find  ex- 
actly the  normal 
functions  and  also 
that  the  true  value 
of  n2  are  determined 
at  the  same  time. 
This  was  rather 
unexpected.  The 
reason  for  the  simp- 
lification is  as  fol- 
lows : 

Suppose  yu  y,, 
y3,  ii  and  Yu  Y„, 
Y3,  Y  are  corres- 
ponding c  u rves 
traced  out  by  in- 
tegraphs  with  the 
same  value  of  w2  but 
with  different  initial 


values  of 


,.  du 


clx 

The  respective 
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intervals  between  these  two  sets  of  curves  must  correspond  to 
each  other  by  the  properties  of  the  integral  and  differential 
curves.  Hence  divide  the  intervals  throughout  in  the  ratio 
ah  :  he,  and  draw  curves  as  shown  by  dotted  lines.    These  newly 

drawn  curves  must  also  correspond  to  each  other  as  the  original 

rlhi 

sets,  but  with  the  additional  condition  also  satisfied  at  the 

other  end. 

Similarly  construct  another  set  of  curves  with  a  different 
value  for  >f  and  satisfying  th  condition  — r=0  at  the  other  end. 


Left  pu 
p  and 


P 


P  be 


ft,  P 
these  two  sets 
of  new  curves, 
both  satisfying 
the  condition 
=  0    at  the 


dx 

other  end. 


Again 


di- 
vide the  re- 
spective inter- 
vals throughout 
in  the  ratio 
de:ef,  and  draw 
curves  through 
these  points  as 
before.  These 
new  curves  cor- 
respond to  each 
oilier.   The  con- 
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dit ions  at  both  ends  of  the  ship  are  now  all  satisfied. 
It  now  only  remains  to  determine  n\ 

Define  ns  so  that  the  first  and  the  last  curves,  namely  Q  and 
Qt  in  the  figure,  correspond  to  eacli  other.  This  determines  the 
tine  admissible  value  of  n". 

The  above  reasoning  corresponds  to  the  fact  that  any  particular 
solution  of  a  'linear  differential  equation  may  be  obtained  by  means 
of  linearly  independent  particular  solutions  equal  in  number  to  the 
order  of  that  equation. 

Therefore  we  need  only  draw  four  sets  of  curves,  each  two 
corresponding  to  a  definite  value  of  w8,  to  find  a  normal  function 
and  the  true  corresponding  value  of  n2. 

The  very  rough  approximate  values  of  us  necessary  during 
the  above  calculation  may  be  guessed  at  from  the  value  for  a 
uniform  bar,  or  from  the  results  of  experiments  already  known 
to  us. 

Thus  we  have  found  out  all  the  necessary  quantities  to  de- 
termine the  motion  of  a  ship  as  a  whole  at  any  instant. 

Hence  if  c  denotes  the  vertical  displacement  of  a  point  in  the 
ship  at  time  t,  we  have 


The  value  of  c  does  not  depend  upon  the  scales  of  the  normal 
functions  u,  as  the  expression  for  a,  is  Ji'uu/dx,  these  factors  in  the 
numerator  and  the  denominator  cancel  each  other. 


C  =  (pill!  +  (f.JlU  +  $£>8Wj  + 


(11) 


where 
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Example. 

The  ship  of  which  the  following  calculations  are  worked  is  a 
torpedo  boat  destroyer.    The  principal  dimensions  are: 

m 

Length  between  perpendiculars  GO. 2 

Breadth  moulded   6.55 

Depth  moulded    4.04 

m 

Draught  (forward  and  aft)   -1.83 

The  length  over  all  is  about  71  metres.  Plate  I  shows  the 
curve  of  weight.  This  I  was  able  to  get  from  our  Admiralty 
through  the  kindness  of  Captain  M.  Kondo  (now  Admiral  con- 
structor). 

The  weight  of  this'  boat  calculated  from  this  curve  is  3GG 
tonnes. 

Throughout  the  following  calculations,  the  units  of  mass,  time 
and  length  are  taken  to  be  tonne,  second  and  metre  respectively. 

Plate  II  shows  the  curve  of  qh3(o.  The  moment  of  inertia  of 
the  variable  section  was  calculated  for  the  following  fifteen 
sections: 

At  frame  ISo. 


1 

428  x  10-4(metre)4 

G 

1214  x  „ 

14 

1755  x  „ 

20 

2185  x  „ 

2G 

2342  x  „ 

3G 

2244  x  „ 

38 

3127  x  „ 

58 

3685  x  „ 

G5 

3565  x  „ 

85 

3207  x  „ 

93 

2513  x  „ 

12  Seinen  Yokota 

At  frame  No.  100  1861  x  10 -'(metre)4 

„     „  112  1010  X  „ 

„     H       »  124  693  x  „ 

„     „  „  131  313  x  „  . 

The  value  of  q  was  taken  at  216  xlO8  (absolute  units).  In 

the  same  plate,  the  curve  for  —rr-  is  drawn. 
1  qk-d) 

Plates  III  &  IV  show  the  actual  process  of  solving  the  dif- 
ferential equation  for  the  first  and  the  third  mode  respectively. 
The  correct  values  of  n°  were  found  to  be 

fhs«560,         «/=2450,  «as=7890. 
Consequently  the  number  of  vibrations  of  each  mode  is 
23-6 


49-5 


x  30  =  225  per  minute,  with   2  nodes, 

x  30  =  470  per  minute,  with    3  nodes, 
88  ■  8 

 x  30  =  850  per  minute,  with    4  nodes. 

rr 

Plate  V  shows  the  normal  functions. 

It  appears  from  the  above  result  that  the  numbers  of  vibra- 
tions with  3  and  4  nodes  are  nearer  in  harmonics  with  the 
number  of  vibration  of  2  nodes  than  in  the  case  of  a  uniform  bar 

Verification  of  the  above  calculation  by 
means  of  a  model. 

Our  university  has  a  model  of  the  above  destroyer  made  of 
brass  plates  and  angles,  with  detail  of  fittings  complete.  The 
weight  of  this  model  without  engines  and  boilers  is  23'1  kilogram- 
mes and  its  size  1/25  of  the  actual  ship.    Hence  the  corresponding 
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displacement  of  this  model  would  be  23'1  x25  =360  tonnes.  Thus 
without  the  engines  and  boilers,  this  model  has  approximately 
the  corresponding  displacement  with  the  above  destroyer. 

I  suspended  this  model  with  two  belts  of  elastic  cords. 
When  a  tuning  fork  of  variable  pitch  is  set  in  vibration  and  its 
stem  is  applied  at  a  few  inches  distance  on  either  side  of  a  node 
and  the  pitch  is  in  harmony  with  that  of  the  model,  a  decided 
sign  of  synchronism  was  both  audible  and  visible.  The  positions 
of  the  cords  had  almost  no  effect  upon  the  vibration,  provided 
they  are  near  the  nodes. 

By  this  means,  I  observed  the  pitch  of  this  model  to  be  as 
follows : 

!No.  of  vibrations 
per  second 

60  with  two  nodes, 

125  with  three  nodes. 

Taking  the  ratio  of  the  square  roots  of  the  Young's  modulii 

for  steel  and  brass  to  be  1  '5 : 1  and  calculating  the  corresponding 

numbers  of  vibrations  for  the  case  when  this  model  is  enlarged  to 

the  full  size  and  the  material  changed  from  brass  to  steel,  we 

have 

Ko.  of  vibrations 
per  minute 

60  x  1  •  5  x  60 


25 

125x1-5x60 


25 


=  210  with  two  nodes, 

=  450  with  three  nodes. 


while  the  calculated  values  for  the  destroyer  are  225  and  470  resp. 

Considering  the  dissimilarity  of  the  model  and  the  actual 
ship,  one  without  engines  and  boilers  and  the  other  with  them, 
the  result  may  be  considered  as  being  fairly  in  agreement. 
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The  ratio  of  the  numbers  of  vibrations  of  the  first  and  the 
second  modes  for  the  model  is  GO:  125=  1 :2"09  while  for  the 
destroyer  as  above  calculated  is  225:470  =  1 :2'09,  the  same  as  for 
the  model. 

As  these  ratios  ought  to  be  a  mere  number  for  a  uniform  bar, 
the  agreement  shows  that  the  calculation  is  probably  correct. 

The  vibrations  of  the  model  with  four  or  more  nodes  were 
mixed  up  with  local  vibrations  and  not  distinctly  observable. 

Article  2. 

Change  of  structural  stress  due  to  vibration. 

As  one  application  of  the  preceding  article,  we  may  trace  the 
change  of  structural  stress  due  to  vibration.  This  change  of 
stress  is  periodic  and  repeats  itself  after  each  complete  vibration, 
its  magnitude  varying  constantly  from  a  certain  maximum  to  a 
certain  minimum.  To  calculate  this  change,  it  is  necessary  to 
find  the  second  differential  coefficients  of  the  normal  functions 
with  respect  to  -r.  The  values  of  these  coefficients  may  be  found 
almost  at  once  from  the  drawings  used  for  finding  the  normal 
functions.  Thin  full  lines  in  Plate  V  show  the  approximate  values 
of  these  coefficients. 

If  y  denotes  the  distance  from  the  neutral  axis  of  the  part 

under  consideration,  the  change  of  stress  per  square  metre  is 

,  d'u 
given  by  f!f~^ 

i)  Consider  the  case  when  the  vibration  of  the  first  mode 
only  occurs.  To  fix  our  idea-,  suppose  the  amplitude  of  vibration 
at  the  aft  end  of  ship  is  \  centimetre,  so  that  the  total  range  of 
vibration  is  1  centimetre. 

In  this  case,   the  maximum  curvature,  as  measured  from 
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Plate  V  is  approximately  at  the  midship  section  and  the  value  is 
(V022 

- — — =0*0000 133.  The  largest  value  of  7  is  2*3  metres,  suppos- 
ing the  neutral  axis  to  be  at  half  the  depth  of  the  section. 

Hence  the  maximum  change  of  stress  per  square  metre 
=0"GG  x  104  each  way.  Or  the  stress  changes  between  ~  ^ )  =±0'067 
tonne  per  square  centimetre  or  between  ±0'43  ton  per  square 
inch. 

If  the  amplitude  of  vibration  be  one  half  of  that  supposed 
just  now,  the  corresponding  change  of  stress  will  be  one  half  the 
value  above  obtained  and  so  on  proportionately.  j 

ii)  Next,  considering  the  case  when  the  second  mode  only 
occurs,  the  amplitude  at  the  aft  end  being  supposed  to  be  \  cen- 
timetre as  before,  we  get  the  maximum  curvatures  0"000034  and 
0 '000032  at  about  53  and  18  metres  from  the  fore  end  of  the  ship 
respectively.  The  maximum  values  of  y  at  these  points  are  2'1  and 
2-2  metres,  so  that  the  change  of  stress  lies  between  ±0"157  tonne 
per  square  centimetre  or  between  —  1  "01  ton  per  square  inch  for 
the  former,  and  between  ^O'lS.^  tonne  per  square  centimetre  or 
between  ±1"0  ton  per  square  inch  for  the  latter. 

iii)  Thirdly  consider  the  case  when  the  third  mode  only 
occurs.  The  amplitude  of  vibration  is,  as  before,  supposed  to  be  \ 
centimetre  at  the  aft  end. 

Proceeding  in  the  same  manner,  we  rind  the  maximum 
stresses  at  00,  30  and  16  metres  from  the  fore  end,  and  the 
values  are 

±0*38  tonne  per  square  centimetre=  ±2'45  tons  per  square  inch 
±0-304  tonne  per  square  centiraetre=  ± P94  tons  per  square  inch 
drO'43   tonne  per  square  centimetre  =  ±2-85  tons  per  square  inch 

respectively. 

In  the  above  three  cases,  the  vibration  is  supposed  to  be  of 
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one  specified  mode  only,  bul  actually  several  modes  of  vibrations 
occur  simultaneously.  In  this  case,  the  curvature  at  a  point  may 
be  found  by  simply  measuring  the  curvatures  of  several  modes 
and  taking'  the  algebraic  sum  of  them,  and  hence  the  change  of 
stress  at  that  point  may  be  calculated  as  above. 

Strictly  speaking,  a  maximum  stress  does  not  necessarily 
occur  at  a  point  of  maximum  curvature  ;  since  the  maximun 
stress  is  given  by  the  joint  product  of  //,  the  curvature,  and  the 
Young's  modulus,  it  is  the  y  multiplied  by  the  curvature  that 
determines  the  point  of  maximum  stress.  Hence  if  we  draw  a 
curve  of  y  x  (^jji  the  maximum  point  or  points  of  that  curve  cor- 
respond to  the  point  or  points  of  maximum  stress.  But  my 
present  object  being  to  show  how  the  change  of  stress  due  to 
vibration  may  be  calculated,  I  did  not  proceed  further. 

Article  3. 
Frequency  Analyser. 

As  a  ship's  vibration  usually  consists  of  a  number  of  har- 
monic vibrations  all  having  the  periods  of  the  acting  forces,  it 
becomes  a  matter  of  importance  to  analyse  the  complicated  vibra- 
tion into  simple  elements  in  order  that  the  cause  of  vibration  may 
be  traced.  A  usually  constructed  vibrograph  is  not  delicate 
enough  to  record  all  these  vibrations,  and  even  if  it  records  them, 
the  process  of  analysing  and  finding  out  the  component  periods 
involves  more  or  less  difficulty. 

To  obviate  this,  a  form  of  frequency  analyser  was  contrived. 
The  principle  of  this  instrument  is  based  upon  the  resonance 
phenomena.  It  consists  of  several  thin  steel  bars  with  lead  at- 
tached to  the  free  end  of  each  and  the  other  end  rigidly  fixed  to 
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a  foundation.  Plate  VI  is  a  general  view  of  this  instrument  (with 
the  cover  removed),  as  manufactured  by  Messrs  Kelvin  and  James 
white,  Glasgow.  The  figures  on  the  free  end  denote  the  numbers 
of  vibrations  per  minute  of  the  respective  bars.  In  the  present  in- 
urnment the  range  of  vibration  is  from  200  to  2700  per  minute. 

When  this  instrument  is  placed  on  a  vibrating  body,  the  bars 
having  the  same  or  nearly  the  same  numbers  of  vibration  as  the 
body  vibrate,  and  so  the  instrument  automatically  analyses  the 
complicated  vibrations,  namely,  the  instrument  performs  the 
function  of  a  harmonic  analyser.  The  general  equation  (6)  of  the 
article  1,  which  applies  to  vibrating  bodies  in  general,  shows  that 
the  periods  of  the  vibrating  body  must  always  be  the  same  as  the 
periods  of  the  acting  harmonic  forces  ;  hence  we  see  that  the 
vibrating  bars  of  the  instrument  all  correspond  to  the  component 
forces  and  that  the  bars  corresponding  to  either  lower  or  higher 
harmonics  of  the  acting  forces  are  not  vibrating. 

I  made  several  experiments  with  the  instrument  on  board 
ships  and  always  found  it  faithfully  analysing  the  vibration  into 
their  component  elements.  It  is  quite  interesting  to  watch 
several  vibrating  bars  transfering  their  vibrations  to  their  neigh- 
bours as  the  revolutions  of  engines  increase  or  decrease. 

Construction  of  the  instrument. — The  thickness  of  the  steel 
bars  were  made  constant  as  far  as  possible  and  the  periods 
adjusted  by  means  of  lead  attached  to  the  free  ends. 

The  rough  calculation  for  each  bar  was  made  by  using  the 


equation 


Ml- 


(Rayleigh-Theory  of  sound.  Vol.  I.  §  182.) 


where 


p  =  2r:  x  number  of  vibrations  per  unit  time, 
1  =  length  of  bar, 
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and  M=  Mass  at  the  free  end. 

This  corresponds  to  the  case  when  the  mass  of  the  thin  steel 
bar  is  neglected.  My  first  intention  was  to  push  the  lower  limit 
of  vibration  to  about  50  per  minute,  but  finding  the  deflection, 
when  placed  as  in  the  photograph,  to  be  too  great,  I  sought  a 
relation  between  the  number  of  vibrations  and  the  deflection,  in 
order  to  see  what  effect  the  material,  the  dimensions  of  the  bar 
and  the  quantity  of  lead  would  have  on  the  deflection,  for  the 
same  number  of  vibrations  per  unit  time,  and,  if  possible,  to  select 
them  so  as  to  give  it  a  minimum  deflection. 

The  number  of  vibrations  /V  per  unit  time  is  given  by 

N=—  I  '69k't0 
2-tV    MP  ' 

while  the  deflection  D  at  the  free  end  would  be 

3qk-(o 

so  that 

IT. 

'2ttV  U 

Hence,  under  the  above  supposition,  the  number  of  vibra- 
tions is  independent  of  the  length,  the  dimensions,  and  the 
material  of  the  bar  and  only  depends  upon  the  deflection  D.  So 
that,  being  unable  to  find  a  remedy  without  introducing  complica- 
tion, I  fixed  the  lower  limit  at  200  per  minute,  in  order  to  avoid 
the  excessive  deflection.  In  this  connection,  Dr.  Botlomley  of 
Glasgow  pointed  out  to  me  that  the  number  of  vibrations  in  this 
case  may  be  remembered  as  the  same  as  that  of  a  simple  pendulum 
with  its  length  equal  to  the  deflection  D. 
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Article  4. 
A  Vibrograph. 

Until  recently,  I  used  a  combined  instrument  consisting  of 
Prof.  Tanakadate' s  vertical  vibration  recorder  and  of  Prof.  Oh- 
mori's  horizontal  pendulum  for  recording  a  vibration  on  board  a 
ship.  Although  this  combined  instrument  worked  nicely  when 
the  sea  was  calm,  it  was  rather  bulky,  and  when  the  ship  rolled, 
the  horizontal  pendulum  would  oscillate  to  and  fro  until  it  rested 
on  one  side  or  the  other,  making  the  recording  impossible. 

To  avoid  these  drawbacks,  and  to  make  the  whole  thing  as 
portable  and  compact  as  possible,  a  new  form  of  instrument,  with 
a  modified  Prof.  Tanakadate' s  vertical  recorder  and  with  a 
convenient  type  of  pendulum  for  the  horizontal  recorder,  was 
contrived.  Plate  VII  is  two  photographic  views  of  the  instrument. 
This  instrument  is  quite  small,  the  whole  being  kept  in  a  box 
about  8  inches  square  and  one  foot  long.  The  effect  of  rolling  on 
the  instrument  is  made  small,  so  that  recording  is  possible  even 
while  the  ship  is  rolling. 

Article  5. 

The  effect  of  water  on  vibration  of  steamers. 

The  effect  of  the  surrounding  water  upon  the  period  of 
vibration  of  a  steamer  has,  as  far  as  I  am  aware,  received  but 
little  attention.  My  view  until  recently  was  the  commonly  ac- 
cepted one  that  the  effect  would  be  small.  In  fact,  a  damping 
force  has,  in  general,  but  a  small  effect  upon  the  period  of  vibra- 
tion of  a  system,  and  for  forced  vibrations  the  maximum  am- 
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plitude  is  attained  when  t  he  period  of  the  acting  force  (supposed 
harmonic)  synchronizes  with  the  natural  free  (undamped)  period 
of  the  system. 

A  few  years  ago,  however,  Dr.  Terada,  of  the  Science  Col- 
lege, Tokio  Imperial  University,  showed  experimentally  that  a 
body  floating  on  water,  undergoes  a  considerable  change  in  its 
natural  periods  of  vibration  compared  to  the  corresponding  periods 
in  air,  owing  to  the  wave  effect  of  surrounding  water  vibrating 
with  the  body.  At  the  International  Congress  in  Naval  Archi- 
tecture held  at  Bordeaux,  11)07,  I  mentioned  this  effect  in  re- 
ference to  M.  Wehmeyer's  paper.  (See  pp.  156-157,  Bulletin  de 
1' assoc.  tech.  mar.  1907.) 

The  question  now  arises  whether  the  change  in  its  natural 
periods  is  also  observable  under  forced  vibrations  or  only  under 
free  vibrations. 

To  decide  this  point,  I  took  a  nine  feet  model  (above  men- 
tioned) of  a  Torpedo-boat  destroyer,  made  of  brass  plates  and 
angles,  and  determined  its  natural  periods  both  in  air  and  on 
water  by  applying  the  stem  of  a  tuning  fork  of  variable  pitch. 
The  natural  numbers  of  vibration  of  this  model  were  as  follows:  — 

No.  of  vibrations  per  second. 


Vertical. 
In  air  On  water 

60  43 
125  100 


Horizontal. 
In  air  On  water 

90  80  (2  nodes) 

208  185  (3  nodes) 

The  numbers  of  vibrations  being  thus  determined,  I  fitted  a 
small  crank  at  the  stern  of  the  model  and  made  it  revolve  with  a 
fan  motor. 

The  model  gave  a  decided  sign  both  audible  and  visible  of 
sychronism  with  vertical  vibration  of  two  nodes  when  the  number 
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of  revolutions  of  the  motor  was  from  2600  to  2550  per  minute,  or 
43  per  second ;  thus  showing  that  the  water  has  the  same  effect 
upon  the  change  of  periods  under  forced,  as  under  free  vibrations. 
The  positions  of  nodes  were  distinctly  visible  from  the  surround- 
ing ripples  made  by  the  vibrating  model.  Plate  VIII  is  from  a 
photograph  of  the  vibrating  model  as  above  described. 

Owing  to  want  of  suitable  apparatus,  1  was  unable  to  push 
the  revolutions  higher,  and  so  test  the  similar  effects  for  vibra- 
tions of  higher  order;  but  there  seems  every  probability  that  the 
change  would  be  present  also  for  vertical  vibrations  with  tljree  or 
more  nodes  and  also  for  horizontal  vibrations.  In  fact,  the  vibra- 
tion caused  by  applying  the  stem  of  a  vibrating  tuning  fork,  is  a 
kind  of  forced  vibration  with  a  constrained  displacement  at  that 
point. 

Thus  it  appears,  in  calculating  or  experimenting  upon  the 
vibrations  of  a  steamer,  that  it  is  important  to  take  this  effect  into 
consideration  and  to  note  that  the  water  plays  an  important  part 
upon  the  number  of  vibrations  of  the  steamer. 

Article  6. 

Determination  of  the  proper  periods  of  a  despatch  boat. 

With  the  permission  and  the  kind  cooperation  of  our 
Admiralty  officials,  I  carried  out  an  experiment  on  board  one  of 
our  warships  to  determine  her  proper  periods  both  horizontal  and 
vertical. 

For  this  purpose,  I  fitted  a  crank  on  the  stern  of  that  boat 
and  made  it  revolve  with  an  electric  motor.  At  the  end  of  the 
crank,  variable  weights  from  2  to  50  pounds,  according  to  the 
number  of   revolutions  per  minute,  were  fastened  with  bolts. 
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Tbe  axis  of  revolution  of  the  crank  was  arranged  parallel  to  the 
longitudinal  axis  of  the  boat,  so  that  by  its  revolution  both 
horizontal  and  vertical  periodic  forces  might  act  upon  her  to  cause 
these  vibrations.  Thus,  the  revolutions  of  the  crank  were 
gradually  increased  from  50  to  2700  per  minute.  Plate  IX  shows 
a  general  plan  for  the  above;  arrangement. 

When  the  number  of  revolutions  synchronized  with  a  proper 
number  of  vibrations  of  the  ship,  the  amplitude  of  vibration  was 
remarkable,  and  by  this,  1  was  able  to  determine  the  proper 
periods  of  vibration  of  this  boat  to  be  as  follows  :  — 


These  vibration  were  recorded  by  both  of  the  two  instru- 
ments, one  set  at  the  stern  and  the  other  at  the  stem  of  the  boat; 
so  that  there  is  no  doubt  as  to  these  being  the  vil (rations  of  the 
ship  as  a  whole.  Besides  the  above  vibrations,  the  two  instru- 
ments recorded  a  proper  number  of  780  per  minute,  both  for 
the  horizontal  and  for  the  vertical,  but  this  number  was  not  so 
distinct  as  those  in  the  above  list.  Probably  this  corresponds  to 
the  4  nodal  horizontal,  and  the  five  nodal  vertical  vibrations. 
Also  the  number  780  involves  the  maximum  probable  error  of 
something  like  ±30,  so  that  it  is  by  no  means  certain  that  the 
horizontal  and  the  vertical  vibrations  just  cited  have  actually  the 
same  number  of  vibrations  per  minute. 

At  revolutions  from  1000  to  2300  per  minute,  though  the 
instrument  at  the  stem  recorded  nothing,  there  was  very  violent 
shaking  at  the  stern.    Even  the  sound  of  the  vibration  was  dis- 


Horizontal 


Vertical 


100  per  minute 
300  „  „ 


105  per  minute  (2  nodes). 
225  „  „  (3  nodes). 
390   „       „     (4  nodes). 
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tinctly  andible.  When  the  revolutions  per  minute  became  higher, 
however,  the  vibration  and  the  sound  died  out  and  these  were 
not  again  distinct  up  to  the  highest  number  of  revolutions  then 
obtained  (2700  or  2800  per  minute).  This  shaking,  or  vibration, 
occured  both  horizontally  and  vertically.  The  nature  of  this 
vibration  remains  to  be  studied,  though  it  is  certain  that  this  is  a 
proper  vibration  of  the  ship  whether  structural  or  local,  and  that  a 
three  bladed  propeller  revolving  G50  to  750  times  per  minute 
under  the  stern  is  very  effective  in  causing  it. 

The  frequency  analyser,  described  in  Art.  3,  was'  used 
throughout  this  experiment  for  reading  the  number  of  vibrations, 
and  by  that  we  were  guided  to  regulate  the  electric  current  to 
make  the  revolutions  vary  continuously,  so  that  the  analyser 
served  us  as  a  revolution  counter  in  this  case. 

A  remarkable  fact  observed  during  this  experiment  was  that 
when  the  ship  was  vibrating  with  one  of  its  proper  periods,  the 
electric  power  to  maintain  this  vibration  was  rather  high,  some- 
times absolving  as  much  as  30  kilowatts,  while  the  maximum 
amplitude  never  exceeded  one  thirtieth  of  an  inch.  Lieutenant 
constructor  Tawaia,  who  was  assisting  me  during  the  experiment, 
and  myself  saw  at  once  that  this  loss  of  energy  was  obviousty  due 
to  the  dissipation  caused  by  the  resistance  in  the  ship  and  of  the 
water. 

If  we  suppose  the  energy  of  vibration  to  be  proportional  to 
the  square  of  amplitude  for  the  same  number  of  vibrations  per 
unit  time,  it  appears  that  the  dissipation  of  energy  due  to  the 
vibration  of  a  ship  may  sometimes  be  bigger  than  what  we  might 
expect. 

The  above  experiment  was  carried  out  while  the  ship  was  at 
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anchor.  When  the  displacement  varied,  the  number  of  vibrations 
was  found  to  be  roughly  inversely  proportional  to  the  square  root 
of  the  displacement. 


Dec,  1909. 
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The  Action  of  Acids  in  the  Enzymic  Decomposition 
of  Oil  by  Castor  Seeds. 

By 

Yoshio  Tanaka,  Kogakush: 


The  existence  of  a  fat-splitting  enzyme  in  oily  seeds  was 
suggested  by  Schiitzenberger  as  long  ago  as  1876.  Reynolds 
Green1  in  1889  definitely  proved  the  presence,  in  the  germinating 
seeds  of  Ricinus,  the  castor- oil  plant,  of  an  enzyme  capable  of 
splitting  up  fat.  According  to  him  this  lipase,  to  adopt  the  recent 
term,  works  most  advantageously  in  a  neutral  solution  and  also  in 
the  presence  of  dilute  alkalies,  but  he  did  not  prove  the  similar 
fact  with  the  lipase  from  resting  seeds.  He  found  only  that  the 
resting  seeds  of  castor-oil  plant,  which  are  themselves  inactive, 
developed  a  lipolytic  activity  on  being  kept  in  dilute  acid. 

In  1902.  Connstein,  Hoyer,  and  Wartenberg2  published  the 
results  of  some  very  careful  researches  upon  this  subject.  In 
contrast  to  Green  they  found  that  the  activity  of  the  lipase  of 
castor  seeds  does  not  manifest  itself  at  all  in  an  alkaline  medium 
but  is  most  active  in  a  strong  acid  one,  the  best  concentration  of 
the  acid  being  between  N/10  and  N/3  strength.  This  enzyme  has 
since  been  made  the  subject  of  detailed  studies  by  more  recent 
investigators  and  it  has  been  shown  that  the  addition  of  acid  is 
essential  for  lipolytic  hydrolysis  by  castor  seeds. 


1  E.  Green's  Soluble  Ferments  and  Fermentation,  2nd  ed.,  1901,  p  243 
!  Ccnnstein,  etc.,  Berichte,  1902,  p.  39K8-40O6. 
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Y.  Tanaka : 


But  scarcely  any  careful  consideration  has  been  given  to  the 
r61e  played  by  the  acid  that  is  used  in  the  hydrolysis  of  oil  by 
castor  seeds.  Green  presumed  that  the  acid  liberated  the  active 
lipase  from  the  zymogen  which  exists  in  the  castor  seeds.  But 
this  was  not  completely  established  on  a  sound  experimental  basis. 
H.  E.  Armstrong1  found  that  hydrolysis  by  Ricinus  lipase  could 
be  brought  about  only  in  the  presence  of  acid  and  that  the  acid  does 
not  act  by  liberating  the  enzyme.  Therefore  a  further  justification 
and  a  more  accurate  knowledge  of  the  entire  subject  is  needed. 
The  object  of  the  present  paper  is  to  record  a  number  of  results 
which  have  been  obtained  chiefly  with  reference  to  the  role  of  the 
acid  in  the  lipolytic  hydrolysis  of  oil  by  castor  seeds. 

Experimental. 

Experiments  were  made  with  the  pressed  cake  of  decorticated 
castor  seeds.  As  the  oil  to  be  hydrolysed  by  the  lipase,  the 
author  used  that  of  the  soja  bean. 

Action  of  mineral  acids. 

It  is  well  known  that  the  lipase  of  castor-oil  seeds  is  rendered 
capable  of  splitting  up  fatty  oils  by  the  addition  of  a  soluble  acid 
to  the  medium  in  which  it  is  at  work.  But  the  quantity  of  acid 
to  be  added  seems  to  stand  in  close  relationship  to  the  amount  of 
the  castor- oil  seeds. 

Experiment  1. 

Two  samples  of  50  grams  each  of  soja  bean  oil  were  mixed 
with  different  quantities  of  powdered  castor  seed  cake,  equal 
quantities  of  water,  and  N/10  sulphuric  acid;  the  mixture  was 
allowed  to  stand  for  five  hours  at  35°C.   The  result  wTas  as  follows: 


1  H.  E.  Armstrong,  Jour.  Chen).  Soc,  1906,  Abstr.  i,  p.  126. 


The  Action  of  Acids  in  the  Enzyinic  Decomposition  of  Oil  by  Castor  seeds. 


27 


Grams  of 

soja 
bean  oil. 

Grams  of 
pressed  castor 
seeds. 

C.c.  of  N/tO 
sulphuric 
acid  added. 

C.  c.  of  water 
added. 

Per  cent,  of  soja 
bean  oil  hydrolysed 
in  five  hours. 

(a) 

50 

5 

10 

10 

85-56 

(*) 

50 

2 

10 

10 

16-41 

In  this  experiment  the  quantity  of  the  acid  added  to  each 
sample  and  the  concentration  of  acid  in  the  media  were 
respectively  equal.  If  the  concentration  of  the  acid  were  the  sole 
factor  of  the  lipolytic  action  of  castor  seed,  the  amount  of  change 
would  be  approximately  proportional  to  the  quantity  of  acting 
-enzyme  present,  at  least  at  the  beginning  of  the  action.  On 
referring  to  the  above  table  it  will  be  noticed  that  the  oil 
hydrolysed  in  (a)  amounts  to  more  than  five  times  that  of  (b)  for 
an  amount  of  castor  seeds  only  2-5  times  that  of  the  latter.  The 
results  suggest  that  the  quantity  of  acid  to  be  added  has  a  direct 
relation  to  the  amount  of  castor  seeds. 

Experiment  2. 

50  grams  each  of  soja  bean  oil  were  hydrolysed  at  40°C  by  an 
•equal  amount  of  pressed  castor  seeds,  with  different  quantities  of 
N/10  sulphuric  acid ;  the  amounts  of  oil  decomposed  in  one  and 
two  hours  were  as  follows: 


Grams  of 
soja  bean 
oil. 

Grams  of 
pressed 
castor  seeds. 

C.  c.  of  N/10 
sulphuric 

C  c.  of 

Per  cent,  of  soja  bean  oil 
hydrolysed  in 

acid. 

Water. 

one  hour. 

two  hours. 

(a) 

50 

2 

0 

10 

00 

o-o 

(6) 

50 

2 

2 

8 

11-72 

20-82 

(c) 

50 

2 

4 

6 

28-42 

49-81 

id) 

50 

2 

5 

5 

29-35 

51-86 

(e) 

50 

2 

6 

4 

29-01 

51-57 

if) 

50 

2 

7 

3 

2344 

41-31. 

(SO 

50 

2 

8 

2 

1611 

3251 

(h) 

50 

2 

10 

0 

9-08 

18-45 
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It  seems  that,  in  the  hydrolysis  of  the  oil  by  the  lipase  of 
castor  seeds,  as  the  quantity  of  the  acid  added  increases,  the 
activity  of  the  lipase  increases  up  to  an  optimum  which  is  reached 
when  5 — 6  c.c.  of  N/10  sulphuric  acid  for  every  two  grams  of  the 
castor  seed  cake  arc  required ;  it  then  falls  off.  That  the 
maximum  lipolytic  action  obtained  in  the  case  of  (d)  or  (e)  was 
not  due  to  the  optimum  concentration  of  soluble  acid  in  the  media 
(viz.  N/1G  — N/20  sulphuric  acid)  is  proved  by  the  following 
experiment. 

Exjicrimcnt  3. 

To  50  grams  of  soja  bean  oil  were  added  varying  amounts  of 
N/20  sulphuric  acid,  the  concentration  of  the  acid  being  the  same 
as  the  optimum  in  the  last  experiment. 

The  results  obtained  with  equal  amounts  of  castor  seeds  are 
given  below: 


Grams  of  oil. 

Grams  of  pressed 
castor  seeds. 

C.  c.  of  N/20 
sulphuric  acid. 

Per  cent,  of  oil  decomposed  in 

one  hour. 

two  hours. 

50 

2 

10 

28-7 

51-3 

50 

2 

20 

10-3 

19-0 

50 

2 

SO 

2-9 

5-8 

50 

2 

40 

1-5 

3-2 

These  figures  show  that  different  quantities  of  acid  of  the 
same  concentration  do  not  produce  equal  effects  in  the  enzymic 
hydrolysis  of  oil.  It  follows  that  the  absolute  amount  of  acid  to 
be  added  is  the  essential  factor  of  lipolytic  action  and  that  its 
concentration  has  no  conspicuous  effect  upon  the  activity  of  castor 
seeds.    These  results  are  confirmed  by  the  following  experiment. 
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Experiment  4. 

Equal  amounts  of  soja  bean  oil  were  hydrolysed  at  40°C.  with 
the  same  quantity  of  pressed  castor  seeds,  adding  equal  amounts 
of  X/10  sulphuric  acid  and  varying  the  amount  of  water. 


Grams  of 
soia  been, 
oil. 

Grams  of 
pressed 
castor  seeds. 

C  c.  of  X/10 
sulphuric 

C.  c.  of 

Per  cent,  of  oil  decomposed  in 

acid. 

water. 

one  hour. 

two  hours. 

50 

2 

5 

0 

27-3 

49-8 

50 

2 

5 

5 

28-7 

51-5 

50 

2 

5 

7-5 

 inn  

29-3 

51'6 

Experiment  5. 

Different  quantities  of  soja  bean  oil  were  hydrolysed  at  38°C. 
by  equal  amounts  of  pressed  castor  seeds  and  acid  water  of  equal 
concentration;  the  amounts  of  oil  decomposed  in  one  hour  were 
as  follows: 


Grams  of  soja 
bean  oil. 

Grams  nf  pressed 
castor  needs. 

C.  c.  of  N/10 
sulphuric  acid. 

C.  c.  of  water. 

Grams  of  oil 
decomposed  in 
one  hour. 

25 

1 

3 

5 

7-79 

30 

1 

3 

5 

7-81 

35 

1 

3 

5 

7-85 
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It  seems  that,  in  the  hydrolysis  of  the  oil  l>y  the  lipase  of 
castor  seeds,  as  the  quantity  of  the  acid  added  increases,  the 
activity  of  the  lipase  increases  up  to  an  optimum  which  is  reached 
when  5 — 0  c.c.  of  N/10  sulphuric  acid  for  every  two  grams  of  the 
castor  seed  cake  are  required;  it  then  falls  off.  That  the 
maximum  lipolytic  action  obtained  in  the  case  of  (d)  or  (e)  was 
not  due  to  the  optimum  concentration  of  soluble  acid  in  the  media 
(viz.  N/1G— N/20  sulphuric  acid)  is  proved  by  the  following 
experiment. 

Experiment  3.  


vuouur  sccus. 

sulphuric  acid. 

one  hour. 

two  liours. 

50 

2 

10 

28-7 

51-3 

50 

2 

20 

10-3 

19-0 

50 

2 

30 

29 

5-8 

50 

2 

40 

1-5 

3-2 

These  figures  show  that  different  quantities  of  acid  of  the 
same  concentration  do  not  produce  equal  effects  in  the  enzymic 
hydrolysis  of  oil.  It  follows  that  the  absolute  amount  of  acid  to 
be  added  is  the  essential  factor  of  lipolytic  action  and  that  its 
concentration  has  no  conspicuous  effect  upon  the  activity  of  castor 
seeds.    These  results  are  confirmed  by  the  following  experiment. 
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Experiment  4. 


Equal  amounts  of  soja  bean  oil  were  hydrolysed  at  40°C.  with 
the  same  quantity  of  pressed  castor  seeds,  adding  equal  amounts 
of  X/10  sulphuric  acid  and  varying  the  amount  of  water. 


Grams  of 
soja  been 

Grams  of 
pressed 

C  c.  of  N/IO 
sulphuric 

0.  c.  of 
water. 

Per  cent,  of  oil  decomposed  in 

oil. 

castor  seeds. 

acid. 

one  hour. 

two  hours. 

50 

2 

5 

0 

27-3 

49-8 

50 

2 

5 

5 

28-7 

51-5 

50 

2 

5 

7-5 

29-3 

51-6 

50 

2 

5 

100 

30-1 

52-4 

50 

2 

5 

15-0 

28-4 

49-7 

Thus,  there  is  no  appreciable  difference  in  the  results  when 
the  absolute  quantities  of  the  acid  added  are  equal,  in  spite  of  the 
varying  concentration  of  the  acid  in  medium,  that  is,  the  absolute 
quantity  of  acid  added,  but  not  its  concentration,  is  the  factor 
essential  for  the  activity  of  Ricinus  lipase. 


Experiment  5. 

Different  quantities  of  soja  bean  oil  were  hydrolysed  at  38°C. 
by  equal  amounts  of  pressed  castor  seeds  and  acid  water  of  equal 
concentration;  the  amounts  of  oil  decomposed  in  one  hour  were 
as  follows: 


Grams  of  soja 
bean  oil. 

Grams  of  pressed 
castor  Heeds. 

('.  c.  of  N/10 
sulphuric  acid. 

C.  c.  of  water. 

Grams  of  oil 
decomposed  in 
one  hour. 

25 

1 

3 

5 

7-79 

30 

1 

3 

5 

7-81 

35 

1 

3 

5 

7-85 

30 


Y.  Tanaka  : 


Thus,  the  same  quantity  of  pressed  castor  seeds,  disintegrated' 
in  the  different  quantities  of  oil,  hydrolyses  the  same  amount  of 
oil  at  equal  intervals,  after  the  addition  of  the  same  quantity  of 
acid.  These  results  show  that  the  amount  of  acid  required  for  a 
definite  quantity  of  castor  seeds  to  obtain  the  maximum  of 
hydrolysis  does  not  stand  in  relation  to  the  amounts  of  the  fatty 
oil,  hut  to  the  quantity  of  the  castor  seed  alone.  One  gram 
of  pressed  castor  seeds  used  in  the  present  investigation,  required 
2-5 — 3-0  c.c.  of  N/10  sulphuric  acid  for  the  maximum  hydrolysis. 

The  same  things  are  true  of  nitric  acid,  as  well  as  of 
hydrochloric,  as  may  be  seen  in  the  following  experiment: 

Experiment  6. 

25  grams  of  soja  bean  oil  were  hydrolysed  at  40°C.  by  the 
same  amount  of  pressed  castor  seeds,  adding  different  quantities  of 
N/10  acids;  the  amount  of  oil  decomposed  was  as  follows: 


Nitric  acid. 


Grams  of  soja 
bean  oil. 

Grams  of 
pressed  castor 
seeds. 

C.  c.  of  N/10 
nitric  acid. 

C.  c.  of  water. 

Per  cent,  of  oil 
decomposed  in 
one  hour. 

25 

1 

1-5 

4-5 

18-3 

25 

1 

2-0 

4-0 

28-7 

25 

1 

25 

3-5 

31-6 

25 

1 

3-0 

3-0 

30-8 

25 

1 

3-5 

2-5 

26-4 

Hydrochloric  acid. 


Grams  of  soja 
bean  oil. 

Grams  of 
pressed  castor 
seeds. 

C.  c.  of  Hjl0 
hydrochloric 
acid. 

C.  c.  of 

Per  cent,  of  oil  decomposed  in 

water. 

one  hour. 

two  hours. 

25 

1 

1-5 

3-5 

21-2 

25 

1 

2-0 

3-0 

300 

49-5 

25 

1 

2-5 

2-5 

32  5 

52-9 

25 

1 

3-0 

2-0 

31-5 

51-3 

25 

1 

40 

1-0 

190 

35-2 
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These  figures  show  that  the  optimum  amounts  of  the  acids 
for  one  gram  of  the  pressed  castor  seeds  are  2«5 — 3  c.c.  of  N/10 
strength. 

Non-necessity  of  free  mineral  acid  in  lipolytic  medium. 

As  has  been  pointed  out  above,  the  addition  of  a  definite 
quantity  of  mineral  acid  for  a  definite  quantity  of  castor  seeds  is 
necessary  and  its  concentration  is  not  the  main  factor  of  the  lipolytic 
action.  From  these  results,  it  is  highly  probable  that  the  added 
acid  does  not  act  merely  by  making  the  medium  acidic,  but  must 
act  chemically  upon  the  constituents  of  the  castor-oil  seeds. 
Experiments  were  then  made  as  to  the  acidity  of  the  medium  in 
which  the  enzyme  is  at  work.  But  it  is  somewhat  difficult  to 
determine  by  any  simple  method  whether  the  added  acid  remains 
in  a  free  state  or  not.  The  author  undertook  the  following 
experiment  to  determine  the  acidity  of  the  extract  prepared  by 
steeping  the  pressed  castor  seeds  in  the  optimum  quantity  of 
mineral  acid. 

Experiment  7. 

The  extract  which  was  made  from  the  ground  castor  seed  cake 
by  triturating  it  with  the  optimum  guantity  of  N/10  sulphuric 
acid,  was  used  in  place  of  the  acidified  water  required  in  the 
lipolytic  hydrolysis  of  oil;  the  amount  of  oil  hydrolysed  in  one 
hour  was  as  follows: 


Grams  of 
soja  bean  oil. 

Grams  of 
pressed 
castor  seeds. 

C.  c.  of  extract  obtained  by 
digesting  5  grs.  of  pressed 
castor  seeds  with  12-5  c.c.  of 
J»710  sulphuric  acid  and  20 
c.c.  of  water  for  20  minutes. 

Per  cent,  of  oil 
decomposed  in 
one  hour. 

25 

1 

6-5 

11 

32 


Y.  T.maka : 


If  the  added  acid  be  in  the  free  state,  then  6-5  c.c.  of  the 
above  extract  will  contain  2-5  c.c.  of  N/10  sulphuric  acid,  and  hence 
the  enzymic  hydrolysis  of  oil  by  castor  seeds  must  be  consider- 
ably promoted  in  the  above  experiment.  The  result,  as  may 
be  seen  in  the  above  table,  shows  no  marked  promotion  of  the 
hydrolysis. 

In  the  present  experiment,  a  further  addition  of  acid 
produced  a  high  yield  of  fatty  acid  as  follows: 


Grams  of  soja 
bean  oil. 

Grams  of  pressed 
castor  seeds. 

C.  c.  of  N/10 
sulphuric  acid. 

C.c-  of  the  extract 
as  above. 

Per  cent,  of  oil 
hydrolysed  in 
one  hour. 

25 

1 

2-5 

6-5 

44-5 

From  these  results,  it  is  almost  certain  that  the  acid  added 
in  the  optimum  quantity  does  not  exist  in  a  free  state  in  the 
medium.  I  found  also  that  an  extract  obtained  by  digesting 
pressed  castor  seeds  with  the  optimum  quantity  of  mineral  acid 
was  indifferent  to  methyl-orange  but  slightly  acidic  to  litmas. 
This  acidity  to  litmas  seems  to  be  due  to  a  weak  acid  liberated 
in  the  decomposition  of  certain  salts  by  the  added  mineral  acid. 
To  determine  this  acidity  the  following  experiment  was  under- 
taken. 

Experiment  8. 

6  grams  of  pressed  castor  seeds  were  triturated  with  36  c.c.  of 
N/20  sulphuric  acid  and  filtered.  The  nitrate  was  treated  with  pure 
alcohol  and  the  precipitates  produced  were  filtered  off.  The  clear 
filtrate  was  titrated  with  standard  alkali  solution,  using  phenol- 
phthalein  as  indicator.  By  comparison  with  the  control  experi- 
ment, in  which  6  grams  of  pressed  castor  seeds  had  been  treated 
with  36  c.c.  of  water,  the  following  result  was  obtained: 
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C.  c.  of  N/10  caustic  potash  required. 

Chief  experiment 

2-2 

Control  experiment 

0-3 

By  subtracting  the  natural  acidity,  an  acid  corresponding  to 
1-9  c.c.  of  N/10  alkali  solution  remained,  that  is,  0-31  c.c.  of  N/10 
acid  for  each  gram  of  pressed  castor  seeds.  This  acid  is  neutral 
to  methyl -orange.  Thus,  the  mineral  acid  added  in  the  lipolytic 
hydrolysis  of  oil  by  castor  seeds  does  not  remain  in  a  free  state 
and  a  small  amount  of  an  unknown  weak  acid  which  is  not 
enough  to  promote  the  lipolytic  power  of  castor  seeds  is 
liberated.  From  these  results,  it  is,  in  all  probability,  to  be 
deduced  that  the  acidity  in  lipolytic  medium  is  not  necessary  for 
the  hydrolysis,  as  will  be  also  proved  in  subsequent  experiments 

Action  of  Organic  Acids. 

In  the  lipolytic  hydrolysis  by  castor  seeds,  the  actions  of 
organic  acids  are  somewhat  different  from  those  of  mineral  acids. 

Experiment  9. 

The  optimum  amounts  of  several  organic  acids  may  be  seen  in 
the  following  tables,  the  hydrolysing  temperature  being  38°C. 

(i)    Formic  Acid. 


Grims  of  soja 
bean  oil. 

Grams  of  pressed 
castor  seeds. 

C  c.  of  HT/S 
formic  acid. 

C.  c.  of  water. 

Per  cent,  of  oil 
decomposed  in 
one  hour. 

25 

1 

1-0 

6-0 

34-7 

25 

1 

1-25 

575 

37-5 

25 

1 

1-5 

5-5 

38-2 

25 

1 

20 

5-0 

35-3 

25 

1 

2-5 

4-5 

29-8 

25 

1 

3-0 

4-0 

22-0 
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(ii)    Acetic  Acid. 


Grams  of  coja 
bean  oil. 

Grams  of  pressed 
castor  seeds. 

O.  c.  or  2*15 
acetic  acid. 

C.  c.  of  water. 

Per  cent,  of  oil 
decomposed  in 
one  hour. 

25 

1 

1-5 

5-5 

36-6 

25 

1 

2-0 

5-0 

39-9 

25 

1 

2-5 

4-5 

38-8 

25 

1 

3-0 

4-0 

37-5 

25 

1 

4-0 

3-0 

35-2 

25 

I 

5-0 

20 
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(iii)    Propionic  Acid. 


Grams  of  soja 
bean  oil. 

Grams  of  pressed 
castor  seeds. 

C.  c.  of  N/5 
propionic  acid. 

C.  c.  of  water. 

Per  cent,  of  oil 
decomposed  in 
one  hour. 

25 

1 

1-5 

5-5 

37-5 

25 

1 

2-0 

50 

40-8 

25 

1 

2-5 

45 

41-0 

25 

1 

30 

4-0 

40-0 

25 

1 

4-0 

3-0 

39-3 

(iv; 

•    Butylic  Acid. 

Grams  of  soji 
bean  oil. 

Grams  of  pressed 
castor  seeds. 

C  c.  of  N/5 
Butylic  acid. 

C  c.  of  water. 

Per  cent,  of  oil 
decomposed  in 
one  hour. 

25 

1 

1-5 

55 

29-6 

25 

1 

2-0 

5-0 

39-3 

25 

1 

2-5 

4-5 

43-5 

25 

1 

3-0 

4-0 

44-0 

25 

1 

4-0 

3-0 

44-0 

25 

1 

5-0 

20 

43-6 

25 

1 

6-0 

1-0 

42-5 

25 

1 

7-0 

o-o 

41-0 
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(v)    Oxalic  Acid. 


Grams  of  soja 
bean  oil. 

Grams  of  pressed 
castor  seeds. 

C.  c.  of  N"/10 
oxalic  acid. 

C.  c.  of  water. 

Per  cent  of  oil 
decomposed  in 
one  hour. 

25 

1 

2-0 

5-0 

21-7 

25 

1 

2-5 

4-5 

27-5 

25 

1 

3-0 

4-0 

26-7 

25 

1 

4-0 

3-0 

19  0 

25 

1 

5-0 

2-0 

10-2 

(vi)    Lactic  Acid. 

Gr.ims  of  soja 
bean  oil. 

Grams  of  pressed 
castor  seeds. 

C.  c.  of  N/10 
lactic  acid. 

C.  c.  of  water. 

Per  cent,  of  oil 
decomposed  in 
90  minutes. 

25 

1 

3-0 

4-0 

44-5 

25 

1 

4-0 

3-0 

41-6 

25 

1 

5-0 

2-0 

37-6 

25 

1 

6-0 

1-0 

29-3 

25 

1 

8-0 

o-o 

17-5 

As  can  be  seen  from  the  table,  the  optimum  acidity  of  an 
acid  in  the  acetic  series  is  relatively  greater  the  higher  the 
homologue  is  and  the  inhibitory  action  of  an  acid  due  to  its 
excess  is  greater  the  lower  this  homologue  is.  The  retarding 
effect  exerted  by  an  excess  of  oxalic  and  lactic  acids,  which  are 
stronger  than  acetic  or  propionic  acid  is  more  remarkable  than  the 
latter  is.  Thus,  the  optimum  quantity  of  a  weaker  organic  acid 
is  larger  than  that  of  a  stronger  one,  and  the  degree  of  retarding 
action  due  to  an  excessive  quantity  of  the  former  is  less  than  that 
of  the  latter. 
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It  has  been  remarked  in  experiments  7  and  8  that  an 
inorganic  acid  which  had  been  added  to  the  pressed  castor  seeds 
in  the  optimum  quantity  did  not  exist  in  the  free  state.  In  the 
case  of  organic  acids  the  same  may  be  also  seen. 

Experiment  10. 

The  present  experiment  was  carried  out  like  experiment  7 ; 
the  acid  extract  of  pressed  castor  seeds  was  used  instead  of 
acidified  water  in  the  hydrolysis  of  oil  by  castor  seeds: 


Grams  of  soja 
bean  oil 

Grams  of  pressed 
exstor  seeds. 

C  c.  of  acid  extracts. 

Per  cent,  of  oil 
decomposed  in  60 
minutes. 

25 

1 

Extract  A.  7"0 

1-0 

25 

1 

„      B.  7-0 

1-7 

25 

1 

C.  7-0 

44-5 

Extract  A  was  prepared  by  triturating  5  grs.  of  pressed  castor 
seeds  with  15  c.c.  of  N/10  oxalic  acid  and  20  c.c.  of 
water  for  10  minutes. 
Extract  B  was  prepared  by  triturating  5  grs.  of  pressed  castor 
seeds  with  15  c.c.  of  N/10  butylic  acid  and  20  c.c.  of 
water  for  10  minutes. 
Extract  C  was  prepared  by  triturating  5  grs.  of  pressed  castor 
seeds  with  25  c.c.  of  N/5  butylic  acid  and  10  c.c.  of 
water  for  10  minutes. 
The  results  prove  indirectly  that  the  extracts  A  and  B  do  not 
contain  an  appreciable  amount  of  free  acid,  whereas  extract  C 
contains  a  marked  amount  of  free  acid. 

This  experiment,  taken  in  conjunction  with  those  recorded  in 
experiment  9,  (iv)  and  (v),  indicates  that  castor  seed  lipase  acts 
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well  in  the  absence  of  free  acid  and  also  in  the  presence  of  weak 
organic  acids  such  as  butylic  acid. 

Experiment  11. 

The  addition  of  a  weak  organic  acid  in  a  slight  excess  above 
the  optimum  of  the  mineral  acid  retards  the  lipolytic  action  of 
castor  seeds  in  a  very  slight  degree  as  may  be  seen  in  the 
following  table,  the  hydrolysing  temperature  being  38°C. 


Grams  of 
oil. 

Grams  of 
pressed  castor 
seeds. 

C.c.pfN/10 
sulphuric 
acid. 

Cc.  of  VJIO 
butylic  acid. 

C.  c.  of  water. 

Per  cent,  of  oil 
decomposed  in 
GO  minutes. 

25 

1 

3 

0 

4 

29-3 

25 

1 

3 

1 

3 

29-0 

25 

1 

3 

2 

2 

28-4 

The  Optimum  Quantity  of  Acid  to  be  added. 

The  optimum  amounts  of  mineral  and  comparatively  easily 
dissociable  organic  acids  required  for  the  greatest  activity  of  castor 
seeds  are  proportional  to  an  acidity  equivalent  to  NaOH.  For 
example,  the  optimum  of  sulphuric  or  hydrochloric  acid  for  one 
gram  of  pressed  castor  seeds  which  is  used  in  the  present 
investigation  is  2-5— 3-0  cc.  of  N/10  strength.  In  the  case  of  the 
less  dissociable  organic  acids,  such  as  acetic,  propionic,  and 
butylic  acids,  the  optimum  amounts  are  greater. 

The  following  formula}  will  be  found  convenient  for  calcu- 
lating the  optimum  quantity  of  an  acid  for  a  definite  amount  of 
castor  seeds : 

Q  =  E.  c.q. 
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Where  Q  is  the  optimum  quantity  of  added  acid  required  for 
an  certain  amount  of  castor  seeds  or  seed  cake,  q;  E  is  the 
equivalent  weight  of  the  acid  jieutralizable  by  NaOH,  c  a  constant 
for  the  castor  seeds  or  seed  cake. 

As  an  example,  the  values  of  c  for  the  pressed  castor  seeds 
used  in  the  present  investigation  are  as  follows: 


Acid. 

Value  of  c. 

Sulphuric  acid   

0-00025  —  0-0003 

Hydrochloric  acid  

0-00025  —  0-0003 

Nitric  acid   

0-00025  —  0-0003 

Oxalic  acid   

0-00025  —  0-0003 

Lactic  acid   

0-00025  —  0-0003 

Formic  acid   

000025  —  0-0003 

Acetic  acid   

0-0004    —  0-0005 

Propionic  acid   

0  0004    —  0-0006 

Butylic  acid   

0-G005    —  0-0010 

Any  acid  is  effective  to  activate  the  castor  seed.  According 
S.  Fokin,1  oxalic  acid  considerably  weakens  the  enzymic  action  of 
castor  seed,  and  phosphoric  and  nitric  acids  destroy  the  enzyme. 
But  the  writer  does  not  recognise  the  inhibitory  effect  of  the  acids 
named,  provided  a  proper  amount  be  used,  as  already  stated. 


Zymogen  of  Lipase. 

J.  R.  Green2  suggests  that  the  lipase  exists  as  an  inactive 
zymogen  in  the  resting  seeds  of  Ricinus  which  can  be  activated 
by  weak  acids.  H.  E.  Armstrong'  states  that,  in  the  hydrolysis  of 
fatty  oils  by  the  lipase  of  castor  seeds,  no  action  takes  place  unless 


1  S.  Fokin,  Chem.  Rev.  Fett  u.  Harz  lad  ,  1906,  S.  193. 

2  J.  E.  Green,  Jour.  Soc.  Chem.  Ind.,  1890,  Abst.  p.  649. 

3  H.  E.  Armstrong,  Jour.  Chem.  Soc,  1906,  Abstr.  i,  p.  126. 
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an  acid  is  present,  and  that  the  added  acid  does  not  act  merely  by 
liberating  the  enzyme. 

I  was  now  interested  to  reach  a  more  definite  understanding 
of  the  matter. 

Experiment  12, 

5  grams  of  the  pressed  cake  of  castor  seeds  were  triturated 
with  30  c.c.  of  N/20  sulphuric  acid  for  30  minutes  and  the 
milky  liquid  was  filtered.  The  insoluble  residue  was  washed 
•completely  free  from  acid  or  other  soluble  matters.  The  final 
product  which  was  now  in  a  pasty  condition  was  triturated  with 
-50  grams  of  soja  bean  oil  and  about  10  c.c.  of  water  in  a  porcelain 
mortar  and  allowed  to  stand  for  about  18  hours  at  the  room 
temperature.  Analysis  showed  that  about  76-5%  of  the  oil  had 
been  decomposed,  though  no  free  acid  was  added  in  this  case. 

The  fact  that  the  lipase  preparation  obtained  by  the  above 
method  has  a  strong  power  of  decomposing  fatty  oil  without  the 
-addition  of  any  acid,  leads  the  writer  to  draw  the  conclusion  that, 
as  suggested  by  Green,  lipase  exists  in  the  state  of  inactive 
zymogen  in  castor  seeds  and  the  latter  can  be  readily  developed 
by  dilute  acids  into  the  active  enzyme.  The  writer  also  concludes 
that  castor  seed  lipase  exerts  its  power  in  a  neutral  medium. 
These  conclusions  agree  well  with  the  previously  mentioned 
•observation  that,  in  spite  of  the  absence  of  free  acid  which  was 
added  in  the  optimum  quantity  to  the  pressed  castor  seeds,  the 
lipolytic  hydrolysis  is  considerably  promoted. 

This  opinion  of  the  writer  is  contrary  to  the  generally 
accepted  one  held  by  the  present  investigators,  such  as  Connstein, 
Hoyer,  l>raun,  Tiehrendt,  Fokin,  Taylor,  and  Armstrong,  who 


40 


Y.  Tanaka 


maintain  that  the  castor  seed  lipase  acts  only  in  presence  of 
acid. 

It  is  also  noticed  that,  contrary  to  the  opinion  of  Green1,  the 
liberated  enzyme  is  not  soluble  in  water  and  that  the  presence  of  a 
slight  excess  of  weak  organic  acid  in  the  lipolytic  medium  does 
not  exibit  a  marked  inhibitory  action  towards  the  enzyme,  whilst 
weak  alkalies  have  a  deleterious  influence. 

Jt  is  also  proved  by  experiment,  that  the  added  acid  also 
combines  with  certain  constituents  of  the  castor  seed,  especially 
the  nitrogenous  matters,  and  passes  into  solution. 

Experiment  13. 

The  present  experiment  demonstrates  a  difference  between 
lipase  and  its  zymogen  with  regard  to  their  behaviour  towards 
dilute  alkali. 

(a)  2  grams  of  pressed  castor  seeds  were  triturated  with 
10  c.c.  of  N/50  sodium  carbonate  for  10  minutes. 

(b)  6  c.c.  of  N/10  sulphuric  acid  were  added  to  2  grams  of 
pressed  castor  seeds  and  the  mixture  was  then  triturated 
with  4  c.c.  of  N/5  sodium  carbonate  solution  for  10' 
minutes. 

The  two  samples  differed  only  in  that  (a)  had  beed  treated 
with  the  alkali,  while  (b)  had  been  acted  on  by  the  acid  before 
being  treated  with  the  alkali,  the  resulting  alkalinity  being  equal. 
At  the  end  of  the  time  stated,  they  were  triturated  with  8  c.c.  of 
N/10  sulphuric  acid  and  50  grams  of  soja  bean  oil  at  35°C.  re- 
spectively. 

The  amounts  of  the  oil  decomposed  in  60  minutes  were  as 
follows : 


1  E.  Green's  Soluble  Ferments  and  Fermentation,  2nd  ed.,  1901,  p.  243. 
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Grams  of  oil  decomposed  in  60  minutes. 

(a) 

11-7 

(b) 

4-4 

These  figures  show  that  lipase  is  more  rapidly  destroyed  by  a 
dilute  alkali  solution  than  its  zymogen  is,  as  is  also  the  case  with 
pepsin  and  its  antecedent. 


Summary. 

1.  The  addition  of  the  proper  quantity  of  acid  to  the  castor 
seeds  is  necessary  in  hydrolysing  fats  by  the  latter.  The 
absolute  quantity  of  the  added  acid  is  the  main  factor  of  the 
lipolytic  activity  of  castor  seeds  and  its  concentration  has  no 
marked  influence. 

2.  The  optimum  amount  of  acid  required  for  a  definite 
amount  of  castor  seeds  in  order  to  obtain  the  maximum 
hydrolysis  does  not  stand  in  relationship  to  the  quantity 
of  oil,  but  to  the  amount  of  castor  seeds  alone.  It  is  not 
the  same  in  every  acid.  In  the  case  of  mineral  and  com- 
paratively strong  organic  acids,  their  optimum  quantities 
are  proportional  to  their  equivalent  weights  corresponding  to 
NaOH,  while,  in  the  less  dissociable  organic  acids  they  are 
larger.  It  is  also  found  that  the  optimum  quantity  of  acid  in 
the  acetic  series  increases  as  the  homologue  ascends. 

3.  The  effect  of  a  highly  dissociable  acid  on  the  castor  seeds 
is,  in  general,  more  remarkable  than  that  of  a  less  dissociable 
one,  that  is,  the  higher  dissociable  acid  increases  the  lipolytic 
action  of  the  castor  seed  more,  and  subsequently  retards  it 
more  when  the  optimum  is  passed. 
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4.  Castor  seeds  contain  lipase  in  the  form  of  an  insoluble 
zymogen,  which  can  be  readily  converted  by  dilute  acid  into 
the  insoluble  actual  enzyme. 

5.  The  acid  added  to  the  castor  reeds,  in  its  optimum  quantity 
does  not  act  by  acidifying  the  medium  in  which  the  lipase 
of  castor  seeds  acts,  but  chiefly  by  developing  the  enzyme 
from  its  zymogen.  The  acid  also  combines  wtih  certain 
basic  constituents  in  castor  seeds,  especially  nitrogenous 
matters,  to  produce  soluble,  neutral  compounds. 

G.  A  lipase  preparation  which  is  obtained  by  treating  pressed 

castor  seeds  with  the  optimum  quantity  of  any  acid  and  by 
completely  washing  out  all  the  soluble  matters  with  water, 
has  a  strong  power  of  hydrolying  fatty  oils  without  the  use 
of  any  acid.  From  this,  it  follows  necessarily  that  lipase 
exists  in  castor  seeds  as  zymogen  and  that  lipase  is  absolutely 
insoluble  in  water  and  active  in  a  neutral  medium. 

7.  Active  lipase  works  most  energetically  in  a  neutral 
medium  and  it  is  less  active  in  the  presence  of  free  acid, 
especially  of  mineral  acid;  it  is  inactive  in  an  alkaline 
medium. 

8.  Lipase  is  less  stable  towards  dilute  alkalies  than  is  its 
zymogen. 


January  15,  1910. 
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The  Characteristics  of  Synchronous  Motors 

By 

M.  Shibusawa,  Kogokmhi. 


Introduction. 

The  armature  reaction  in  a  synchronous  motor  is  one  of  the 
leading  items  in  the  solution  of  the  problem  of  motor  charac- 
teristics. In  Chapter  I  therefore  it  is  fully  discussed  from  the 
theoretical  point  of  view,  though  the  method  of  treatment  is,  to  a 
certain  extent,  a  modification  of  those  investigated  by  Prof.  E. 
Arnold. 

Chapter  II  deals  with  the  no-load  characteristics  of  the  motor 
and  shows  the  meaning  of  the  constants,  namely,  the  open 
circuit  coefficient  and  the  shoit  circuit  coefficient,  which  are  given 
by  the  author  in  explanation  of  the  performance  of  the  motor. 

In  Chapter  III,  the  motor  is  assumed,  for  the  sake  of 
simplicity,  to  have  a  constant  internal  reactance  irrespective 
of  the  load.  Such  a  motor  is  treated,  in  general,  by  the  graphical 
method.  Although  this  method  is  convenient  for  getting  a  clear 
idea  of  the  properties  of  the  machine,  yet  frequently  the  result  is 
not  accurate  enough  to  admit  of  its  use  in  actual  problems. 
Keeping  this  in  mind,  the  author  introduces  a  new  parameter 
which  leads  us  to  a  simpler  process  so  far  as  its  application  to 
practical  problems  is  concerned. 
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The  author  works  out  in  Chapter  IV  a  series  of  equations  and 
curves  as  regards  the  general  behavior  of  the  loaded  motor.  Thus 
we  can  design  a  motor  in  accordance  with  any  characteristics 
required,  and  also  calculate  the  size  of  the  conductors  of  a 
transmission  line  suitable  for  any  given  synchronous  motor. 

Finally  in  Chapter  V  experimental  results  are  given  for  the 
purpose  of  enabling  a  comparison  with  those  calculated. 


Chapter  I.   Armature  Reactions. 

The  armature  reactions  of  synchronous  machines  have  been 
fully  discussed  by  many  authorities.  We  therefore  attempt  to 
treat  them  according  to  the  theories  introduced  by  Prof.  E. 
Arnold  (Die  Wechselstromtechnik  IV.)  revised  to  a  certain  extent. 

The  armature  current  of  a  synchronous  machine  produces 
two  varieties  of  magnetic  flux.  The  first  opposes  or  assists  and 
distorts  the  magnetic  flux  produced  by  the  exciting  field,  but  the 
second  is  quite  independent  of  them,  not  passing  through  the 
magnetic  pole  pieces.  The  former  induces  magnetic  reaction  and 
the  latter  self  induction. 

§  1.    Effective  Armature  Resistance. 

The  effective  resistance  of  armature  conductors  is,  as  a 
general  rule,  larger  than  their  ohmic  resistance,  owing  to  the 
eddy  current  in  the  armature  iron  and  conductors,  and  to  the 
induced  current  in  the  exciting  field  circuit.  Therefore  we  may 
put 

ra  =  crg      (1) 

where      ra  =  effective  resistance 
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yv  =  ohinic  resistance 
c    =  a  constant 

The  value  of  c  lies  between  1.5  and  2.5  for  single-phase,  and 
1.  3  and  2  for  poly-phase  machines. 

§  2.    Self  Inductance. 

Let      s„  =  number  of  armature  conductors  per  slot  in  series, 
q   =  number  of  slots  per  phase  per  pole, 
p   =  number  of  pairs  of  poles, 
w  —  p  q  Sn  =  number  of  turns  in  series  per  phase, 
h  =  magnetic  conductivity  of  the  circuit  surrounding 

the  conductors  per  cm  not  passing  pole  pieces, 
lx  =  length  of  conductors  in  cm  where  lx  is  concerned, 
L  =  coefficient  of  self  induction, 

=  magnetic  flux  interlinking  the  conductors  sn  when 

one  ampere  of  current  is  flowing  in  them. 

Then  L  =  ^JIO"8  =  2M^2V,10-8  Henry. 

where  the  summation  is  to  be  done  over  a  half  length  of  the 
-armature  coil. 

We  find  thus  the  reactance  due  to  self  induction  is 

xa  =  2~nL  =  4-npqslIlJ^O-9 

=  ^f  2-(Vc)10-    (2) 

To  calculate  the  value  S  (lx  ?.x)  it  is  convenient  to  distinguish 
.three  classes  of  magnetic  circuits:  — 

(a)   The    circuit   surrounding  each  slot, 
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*  *J  i 


Then  for  the  slot  (1),  Fig.  1. 


(b)  The  circuit  surrounding  one  op 
more  slots  and  passing  from  one- 
end  of  a  tooth  to  the  other 
through  the  air, 

(c)  The  circuit  surrounding  the  coils 
on  the  outside  of  the  iron. 

W  of  the  circuit  'a.' 

Here  lx  is  the  same  for  all  the  magnetic 
circuits  and  is  equal  to  the  length  of  the 
coil  inside  of  the  iron  =  lim 
Put    ;„  =  magnetic  conductivity  of  the 
circuit  'a.' 


2r, 


=  0.4*1  -H-  + 


(3) 


and  for  (2) 


;„  =  0.4-^0.623  +3-)    (4) 


(See  P.  44,  E.  Arnold,  Die  Wechselstromtechnik  IV.) 
0)  of  the  circuit  lb: 

Put     h  =  magnetic  conductivity  of  the  circuit  '/>,' 
or,        Kh  =  2QX\ 

Let  us  first  assume  the  number  of  the  slots  per  phase  per  pole  to- 
be  one  or  q  =  1.     Consider  the  coils  in  the  shaded  slot  in  Fig. 

2,  and  put       U*>  Un  for  the  conductivity  of  the  magnetic 

circuits  passing  through  the  1st,  2nd,  3rd  teeth  on  both  sides 

of  the  slot  respectively  and  tf>  k",  tf"  for  those  passing  through 

the  1st,  2nd,  3rd  slots.    Put  z=i\  +  tu  then 
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Fig.  2. 


x=U 


4   =  0.4./^=  0.4x2.3100(1  +  ^)  =  0.92  log(l  +  f) 


J? 


-.in 


dx 


~  .   I  dx 
=  0.4-/  — — 
/  rx  +  ~x 


dx 


n  .  I  dx 


=  0.921og(l  +  ^) 
=  0.921og(l+^y 


x  =  'iz 


etc. 


etc. 


=  0.921og(l  +  ^;;/Tti)Uearly 


X=2  +  <1 


etc.  etc. 

Put       =  # + 4v+i +  +  #+  ^r+i +  

The  values  of  **>   Jfi  ^V+I  are  very  small  if  n  is  large 

■enough  and  therefore  we  may  assume  that 


X  —  1 

dx 


x=z{n  —  1) 
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where  r  =  pole  pitch. 
Then  we  have 

h  =  >l  +%+  +  V  + 1?  +  +  tin)    (5)i 

If  the  number  of  slots  per  phase  per  pole  is  two,  or  q  =  2,  the 
flux  produced  by  one  ampere  of  current  in  the  coils  of  a  slot  passing, 
through  the  circuit  wliose  magnetic  conductivity  is 
V       surrounds  the  conductors  Sn 
:  >  2  S„ 

1.5  Sn  approximately 
2  Sn 

,,  2  Sn  approximately. 

4  =  4+1.5//  +2{4'+*r+  +4(B>)   (5)2 

If  the  mumber  of  slots  per  phase  per  pole  is  three,  or  q  =3, 

=  4+K2+3+2)A^+3(4z/+  )+i(1.5+2  +  1.5Hw 

+ 1(2.5  +  8  +  2.5);.?"+  3(;,rr  +  )  +  3x<»>. 

=  ;./+^i7+|-^+|-^+3(;.r+  +4n))  (5), 


; 11 


) 111 

Ak 


If  q  =  4, 


10. 


14. 


12., 


15 


+4(;f+  +.#>).... 


/r 


(5)4 





If  the  conductors  are  dis- 
tributed over  the  surface  of  the 
armature  iron, 


—zr-  * 

Fig.  3. 

where  Bx  is  the  magnetic  reluctance  of  a  tube  of  force  interlinking 


Sx  —  Sn  r^ 
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0.4/, 


dx 


x 


xdx 


X 


/"   .  xdx      /*  ,  dx 

4=70.4-^  +yo.4^— 


=  0.2  +  0.92  logT-^ 


(6) 


(c)    2(lxtx)  of  the  circuit  'c. 


Put    /  l.=  2  {IX), 
where      ls  =  length  of  the  coil  on  the  outside  of  the  slot. 
We  shall  give  here  its  approximate  value  found  by  Prof.  E. 
Arnold  (Wechselstromtechnik  IV.  P.  49). 


where  qs  =  number   of   coils   in   the  same   phase  approaching 
one  another, 

d,  =  diameter  of  a  circle  whose  circumference  is  equal 
to  the  peripheral  length  of  the  total  conductors  snqt 
including  the  insulating  materials  and  air  spaces. 


(a).    Effective  M.  M.  F.  due  to  Magnetic  Reaction. 

It  is  a  well  known  fact  that  the  magnetic  field  produced  by  a 
single  phase  current  in  the  armature  of  a  synchronous  machine 
can  be  considered  as  two  equal  fields  rotating  in  opposite  directions. 
The  amplitude  of  these  fields  is  one  half  of  the  maximum  value  of 
their  resultant  field.  Therefore,  if  the  magnetic  pole  is  rotating 
in  synchronism  with  the  current,  one  of  the  fields  is  rotating  in 


;,  =  0.462e(log^-0.2) 


(7) 


§  3.    Magnetic  Reactions. 
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the  same  speed  and  direction  with  the  magnetic  pole,  and  the 
other  in  the  opposite  direction  inducing  E.  M.  F.  in  the  exciting 
field  circuit  with  double  frequency.  The  former  is  generally 
called  the  synchronous,  and  the  latter  the  inverse  field.  The 
inverse  field  is,  as  a  general  rule,  strongly  damped  by  the  induced 
alternating  current  in  the  exciting  field  circuit. 

The  curve  of  the  M.  M.  F.  due  to  the  armature  current  I  of  a 
single  phase  one  slot  machine  along  the  surface  of  the  armature  is 

    Of 

rectangular  in  shape  having  its  amplitude  >/2 1  wn=y/  2l  per 

pole  if  the  current  is  in  a  sine  wave.    Now  we  may  decompose 

this  rectangular  wave  into  sine  waves  by  Fourier's  theorem  and 

the  amplitude  of  the  fundamental  wave  is  found  to  be, 

/—  I S  4 
v^^x  * ■=    0.9  7S„ 

3rd  harmonic  =  3  0.9 1  Sn 

5th  harmonic  =  |0.9 I  Sn 

etc.  etc.  (See  Die  Wechselstromtechnik  I,  P.  148) 
This  fundamental  wave  may  be  regarded  as  consisting  of  two 
fields  rotating  in  opposite  directions,  each  having  an  amplitude  of 
0.45  /  Sn. 

In  a  machine  which  has  two  or  more  slots  per  phase  per  pole, 
the  wave  of  M.  F.  produced  by  the  current  in  the  conductors 
of  each  slot  differs  in  phase  from  every  other  wave  on  account  of 
the  difference  of  their  positions.  Hence  the  arithmetical  sum  of 
the  M.  M.  F.  does  not  show  their  resultant,  but  a  certain 
correcting  factor /„,  should  be  introduced  into  the  equation:  — 
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where  Q  =  number  of  slots  per  pole 

q  =  number  of  slots  per  phase  per  pole. 
Thus  we  find   the   amplitude   of  the   synchronously  rotating 
M.  M.  F.  of  a  single  phase  machine  is  0.45 /,„  1  Sn  q,  neglecting 
the  effect  of  higher  harmonics. 

In  a  poly-phase  machine,  each  phase  produces  two  M.  M.  F.s 
rotating  iu  opposite  directions.  Their  synchronous  M.  M.  F.s 
being  in  the  same  phase  are  added  together,  while  the  inverse 
M.  M.  F.s  cancel  each  other  and  become  nil.  Therefore  the 
amplitude  of  the  resultant  synchronous  M.  M.  F.s  is: 


where  m  is  number  of  phases. 

These  are  the  M.  M.  F.  s  of  the  effective  magnetic  reaction  due  to 
the  armature  current  of  the  alternator. 

(b).    Decomposition  of  Magnetic  Reaction. 

Let  the  equation  of  E.  M.  F.  induced  in  an  armature  be 
E sin  cot  and  that  of  current  be  I  sin  (cot— <£)  then 


The  component  I  sin  ^  is  in  the  quadrature  with  the  main 
E.  M.  F.  and  therefore  strengthens  or  weakens  the  main 
magnetic  field,  while  the  component  I  cos  <p  is  in  the  same  phase 
and  therefore  distorts  the  main  field.  The  former  is  here  called 
the  direct  magnetic  reaction  and  the  latter  the  cross  magnetic 
reaction . 

(c).    Direct  Magnetic  Reaction. 

The  M.  M.  F.  of  the  direct  magnetic  reaction  is  in  the  same 


A  Tm  =  0.45  /,„  m  Snql  per  pole 
A  Tm  =  0.9  fwmwl       total  .... 


(8). 
(8)> 


I  sin  ((ot—0)  =  I  cos  <p  sin  wt  —  I  sin  </>  sin 


{cot  -  |-) 
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phase  with  the  main  ex- 
citing field  and  hence  the 
mean  value  of  the  M.  M.  F. 
over  the  magnetic  pole  face 
is  the  effective  reaction. 
Let  iv"a  be  the  coefficient  of 
the  direct  magnetic  reaction,. 


<  JL-  


Fig.  4. 


then, 


sin 


b  jr 
r  2 


CO 


A  Td  =  0.45  m  fw  A'a  Sn  q  I  sin  <p  per  pole 


00). 


A  Td  =  0.9  m  f„  Ko.  w  I  sin  <p 


total 


where  J  =  effective  M.  M.  F.  of  direct  magnetic  reaction. 
The  above  result  is  given  by  Prof.  E.  Arnold  (Wechselstrom- 
technik  IV.  P.  53— P.  G3).  Mr.  A.  Russell  gives  also  the  same 
result  (A  Treatise  on  the  Theory  of  Alternating  Currents  II.  P. 
7G).    Dr.  G.  Kapp  gives  the  following  values: 


and  he  adds  that  the  difference  of  the  coefficients  for  single-slot  and 
multiple-slot  machines  is  insignificant  so  that  they  can  be  assumed 
to  be  practically  the   same,  (Dynamomaschinen.  4.  Auflager 


(d)    Cross  Magnetic  Reaction. 

The  maximum  M.  M.  F.  of  the  cross  magnetic  reaction  is: 


b 


=  -895  in  Ka  w  I  sin  ip, 


P.  430). 
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mm 


s 


J-LU 
TI 


^  >  am  

generator  Motor 
Fig.  5. 

A  Tem  =  0.45  /„  m  qSnI  cos  (p  per  pole 

=  0.9 /,„  m  io  I  cos  <p  total 

This  M.  M.  F.  produces  a  magnetic  field  in  the  air  gap,  as 
shown  in  Fig.  5.  In  the  generator,  the  leading  tips  of  the 
pole  pieces  are  weakened  and  the  trailing  tips  strengthened  by 
this  field;  while  in  the  motor,  on  the  contrary,  the  former  is 
strengthened  and  the  latter  weakened.  Neglecting  the  effect  of 
the  magnetic  saturation  we  may  assume  that  the  total  magnetic 
flux  remains  unvaried  by  the  cross  magnetic  reaction,  although  it 
is  distorted. 

J  |_  Let  00',  Fig.  6,  be  the 

center  line  of  the  resultant 


> 

A 

<  

 H  0~» 

0'|  IP- 
Fig.  G. 


M.  M.  F.  CEp  N,  of  the  main 
exciting  field  and  the  effective 
direct  magnetic  reaction,  and 
PP'be  the  new  center  line 
of  the  resultant  M.  M.  F. 
taking  the  cross  magnetizing 
M.  M.  F.  into  consideration, 


and  put 
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  A  

u  =  oo'  pp' 

_Q_  _Q 

2 


then         tf(-f—  «)  +/AT.m  sin  x      =  0*,    (|- +d)-J  A  Tcn  sin  x 


-•2  Oj,, iVo  +  2  A  Tm(-  cos  x)2  =  0 

A  T(m(cos  o  —  cos  -g-) 


o  = 


CEl>N 

0.9 /,„    to  I  cos  ^(cos  o  —  cos  -^-) 

 ^— ^  —  in  degrees  (11% 


If  5°  is  very  small,  we  may  assume  cos  o  =  1, 
0.9/w  mitfl  cos  ^(l  —  cos  -g-]  130 


CEpN 


(11), 


The  equations  and  11,,  have  thus  been  deduced  from 
the  above  described  assumptions;  that  is  to  say,  the  weakened 
magnetic  strength  of  one  side  of  the  pole  piece  is  exactly  equal 
to  the  strengthened  magnetic  strength  of  the  other  side,  and  the 
E.  M.  F.  induced  in  the  armature  conductor  is  not  affected  by  the 
deformation  of  the  magnetic  field  which  is  caused  by  the  cross 
magnetic  reaction,  but  is  proportional  to  the  total  magnetic  flux. 
These  assumptions  may  be  safely  made  if  the  M.  M.  F.  of  the  cross 
magnetic  reaction  is  small,  compared  with  the  total  resultant  field. 

Chapter  II.  No-Load  Characteristics. 

§  4.    Open  Circuit  Characteristics. 

Although  it  is  impossible  to  express  the  open  circuit 
•characteristic  by  an  exact  mathematical  equation,  as  it  depends 
entirely  upon  the  quality  of  the  iron,  yet  it  is  quite  useful  in 
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practice  to  know  the  degree  of  magnetic  saturation.  For  this 
purpose  the  American  Institute  of  Electrical  Engineers  gives  a 
method  in  the  sections  57  and  58  of  the  Standardization  Rules- 
issued  in  1907.  With 
this  method  the  difficult 
point  is  to  draw  accu- 
rately a  line  tangent  to 
the  curve  and  a  small 
deviation  makes  a  large 
error.  Therefore  the 
author  proposes  the 
foil  owing  m  eth  od  :  — 


We  draw  a  curve  with  a  percentage  of  the  normal  voltage  as- 
ordinate  and  with  a  percentage  of  the  exciting  current  at  the 
normal  voltage  as  abscissa,  which  we  shall  hereafter  call  the 
percentage  open  circuit  characteristic.  Then  the  inclination  of 
this  curve  at  the  origin  shows  the  degree  of  the  magnetic 
saturation. 

Let  the  curve  OPQ  in  Fig-  7.  be  the  open  circuit  character- 
istic, then 

tan  y  =  p  +  P  -3  v  voltage  per  unit  exciting  current 

when  the  iron  is  not  saturated. 

If  the  curve  is  the  percentage  open  circuit  characteristic,  then 
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tail  y  = 


100  +  ^-100 


=  1  + 


P 
J' 


(12) 


100 


=  e 


v  =  e 


P 


(13) 


Thus  we  see  the  value  'e'  determines  the  open  circuit 
characteristic  and  therefore  V  is  called  the  open  circuit  coefficient. 

We  give  three  curves  I,  II,  III  in  Fig.  8.  as  examples  of  the 
percentage  open  circuit  characteristics  with  weak,  moderate,  and 
strong  magnetic  densities  respectively,  for  the  sake  of  clearness  in 
the  explanation  of  the  following  chapters. 

§  5.    Short  Circuit  Characteristics. 

The  exciting  ampere-turns  and  the  corresponding  armature 
current  of  an  alternator,  when  the  machine  is  short  circuited,  give 
the  short  circuit  characteristic. 
Let         P   =  normal  voltage, 


Cp  =  Exciting  current  which  would  generate  P  at  open 

circuit, 
i0  =  normal  current, 


circuit, 

AT  =  total  mumber  of  turns  of  the  field  coil, 
Kd  =  Ka   0.9   m  fw  =  coefficient   of  direct  armature 
reaction, 

za    =  impedance  of  armature  conductors  per  phase. 


Exciting  current  which  would  generate  I0  at  shor^ 


'  Then 


Gi0  -  K, 


a  -pf  lo  sin  $ 


We  may  put  sin  <p  =  1 
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C;0  =  I0jA^-+-^}  =  J0{zr,t7r  +  -^f  }   14) 

Therefore,  as  long  as  the  inclination  of  the  open  circuit 
characteristic  is  constant  and  equal  to  v,  Ci0  varies  proportionally 
with  I0,  or,  in  other  words,  the  short  circuit  characteristic  is  a 
straight  line.    We  may  express  the  above  equation  as  follows: — ■ 

Kd  w  Jn  _  to  \  _    CTo     I0za\    1  n  . 

GPN   ~\  GPJ\N  J-  CP~  eP  ~  a     e—  ^ 

I  z 

where     d,  =        =  relative  drop  due  to  the  armature  impedance, 


and 


G 

a  = 


fn,  i       Kd  1, 10      A.  T.  of  direct  armature  reaction 

1  his  shows  that  the  values  — tt-vt—  or  — v-,  — =j —  = — a  

Cp  N        .hxcitmg  A.  T.  at  normal  voltage 

and       vary  in  a  straight  line,  as  ~-  is  usually  small  compared 

with  -—  in  ordinary  machines.  Thus  the  value  V  determines 
the  short  circuit  characteristic  and  therefore  we  call  'a'  the  short 
circuit  coefficient. 

Chapter  III.  Ideal  Synchronous  Motor. 

The  armature  reactions  and  the  self  inductance  of  a  synchro- 
nous motor  are  usually  combined  in  one,  and  represented  by  what 
is  called  the  synchronous  reactance  of  the  motor.  We  here  call 
this  fictitious  motor,  which  has  a  cbnstant  armature  reactance,  'the 
ideal  synchronous  motor.' 

§  6.    General  Equation  of  Ideal 

Synchronous  Motor. 

Suppose  a  generator  is  running  a  motor  through  a  transmission 
line,  and  let 
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P  =  tormina]  E.  M.  F.  of  the  generator, 
E  =  generated  E.  M.  F.  of  the  motor, 
r   =  effective  resistance  of  the  motor  armature  and  line, 
x   =  synchronous  reactance  of  the  motor  armature  and  line 
reactance, 

z    =  vV+.r-  =  impedance  of  the  motor  armature  and  line, 
I    =  current  in  armature  and  line, 
0   =  angle  between  P  and  I, 
<P  =  angle  between—/!/'  and  /, 
0    =<$—</>=  angle  between  P  and  —E, 
<r'0  —  tan"1  —  =  angle  between  /  and  Iz, 
Wt=  P  I  cos  0  =  Power  supplied  to  the  motor  from  the 
generator, 

Wa  —  E  /  cos  0  =  electric  power  transformed  into  mechanical1 
power  by  the  motor, 


D  =  torque. 

The  vectorial  dia- 
gram of  the  E.  M.  F.  s 
of  an  ideal  synchro- 
nous motor  is  shown 
in  Fig.  9,  where  01 
shows  the  direction  of 
the  current,  OP  the 
magnitude  and  direct- 
ion of  P;  EP,  those 
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of  Iz;  OE  the  magnitude  of  E,  but  in  the  opposite  direction.  We 
have  then, 

P-  =  (E  +  I  r  cos  </'  +  I  x  sin  d>)-  +  (I  x  cos  </>  —  I  r  sin  <p)2 

p-  =  E-  +  Pz*  +  2  E  I  (?•  cos  ^  +  x  sin  ^) 

pa  _      -  Pz3  -ZWar  =  2x^(EIf  -  W%    (16) 

This  is  the  well-known  fundamental  equation  of  the  ideal 
synchronous  motor.  In  this  equation  P,  E,  I,  r,  x  and  Wa  are 
variables,  and  if  any  four  of  them  are  known,  we  have  a  quadratic 
equation  of  the  other  two.  But  to  solve  practical  problems  it 
is  far  simpler  to  use  the  following  method  proposed  by  the 
author:  — ■ 

Draw  a  line  XX'  with  an  angle  </'=  ^  X'EP,  then 

I  z  cos  ip  =  P  cos  ((/-0  —  d)  —  E  cos  (p0 

E  I  cos  ip  =  W„  =  — C  P  cos  {<p0  -  0) -  E  cos    (1 7) 

put  —  =  a  Z  =  r*J  i  +  <r 

,       r  1  .    ,       x  o. 

cos  C'o  =  =  sin  C'0  =  —  =  . 

TF„  =    n  f  ..s  (J?  P cos  d  +  aEP  sin  0  -  E2) 
put  &  =  cos  6  +  «  sin  0    (IB), 

-*r?}(t*-0   (19) 


Equstion  18a  may  be  transformed  as  follows: 

tan     =  «. 

when  0=0 

ft  =       +    cos  (-  <p0)  —  1 


'0)|   08), 


18  M.  Sliiljusawa: 

0  =  - 

^  =  \/T  +  «'J  COS  (ff  -  <pa)  =  -  ]  . 

The  maximum  value  of  k  occurs  when 

0  =  (p0  —  tan"1  a. 
It  =  a/1  +«"-'. 

The  values  of  &  for  various  values  of  0  and  a  are  shown  in  Fig. 

We  next  get  the  equation  of  the  current  from  the  diagram :  — 
Fz-  =  1 1  ■|-£,'-2Pi,cos  0 

/-;-   a    p-   „  p 


=  ^n-r}(l+    (20) 


Equations  18,  19,  and  20  are  the  fundamental  equations  for 
determining  the  motor  characteristics.  In  the  above  equations 
the  angle  6,  which  is  the  supplement  of  the  angle  between  the 
generator  terminal  E.  M.  F.  and  the  counter  E.  M.  F.  of  the 
motor,  is  introduced  as  a  parameter. 

To  further  simplify,  we  shall  divide  the  problems  into  two 
classes: 

a.  Generator  terminal  E.  M.  F.  constant, 

b.  Generated  E.  M.  F.  of  motor  constant. 

If  the  generator  terminal  E.  M.  F.  P  is  constant,  put  E  =  s  P, 
then  the  equations  become:  — 

A=     **g±   >  +  £   (-21), 
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F  =  r»(U,a»)  (]  +^-2^cos^)   (22) 

If  the  generated  E.  M.  F.  of  motor,  E,  is  constant,  put  P—p  E, 
then  the  equations  become: 

Wa=  r(1^  (M-l)   (23)fl 


 m 


P  =  rV  +  ^  (1  +/'2  -'ipcot®    (24) 

§  7.    Generator  Terminal  E.  M.  F.  P,  constant. 

The  general  equations  in  this  case  are  given  in  the  preceding 
paragraph,  but  we  shall  here  discuss  particular  cases. 

(a)  Minimum  and  Maximum  Values  of  E  at  a  given  Power. 
We  have  from  equation  21,, 

£=  2  

From  this  equation,  it  follows  that  for  a  given  Wa  and  a  given  P, 
the  maximum  value  of  h  gives  the  maximum  and  minimum 
values  of  e.  From  equation  18/,  we  have  the  conditions  of  the 
maximum  value  of  h  as  follows:  — 

tan  0  =  </■ 

cos  6  =  — = 

VI  +«Y    (25) 

a 

sin  0  =  —   , 
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7  1  a" 

k  =    +  -7===  =  v'l  +«- 


(26) 


Substituting  this  value  in  above  equation, 


(27) 


The  roots  of  this  equation  give  the  minimum  and  maximum  values 
of  e;  in  other  words,  with  the  values  of  e  outside  of  these  limiting, 
values  the  motor  goes  out  of  step  for  the  given  load,  Wa. 
The  current  in  this  case. 


(28) 


where      e,  and  es  are  the  roots  of  equation  27. 

(b)    Minimum  Current  at  a  given  Power. 

The  minimum  current  10  at  a  given  power  Wa  occurs  when 
VI  =  0  =  0.  then, 


Wa=PIQ-rIi 


I0  = 


2r 


E-  =  (P  -  J0r)a  +  I0x- 
£  _  J(P-Inry  +  l;?^or 


(29) 


(30' 


(c)    Running  Light. 

In  this  case  Wa  =  0,  then 


k  =  e 


(31> 
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If  a  is  large  enough,  we  may  assume  cos  0=1,  then 

I=*-|-(!-e)    (32) 

Therefore,  the  curve  giving  1  as  function  of  e  is  two  straight  lines 
meeting  at  the  horizontal  axis. 

(d)    Maximum  Power. 

The  general  equation  of  the  power  is: 

P- 

Wa  =  r(L  +  a,j|e  cos  0  +  e  a  sin  0  -  e2} 

Firstly,  if  e  only  is  variable,  the  maximum  power  occurs 

when  —j —  =  0,  or 
a  e 


d  W„  P- 


^•{cos  0  +  a  sin  0  —  2e]  =  0 


e  =  ^-(cos  0  +  a  sin  0)  =  \k 

W,;m  .  =    (33) 

Secondly,  if  0  only  is  variable,  the  maximum  power  occurs 
when  -t-^2  =  0,  or 

dW„  F*     ,       .  * 

tan  0  =  a 
sin  0  = 

cos  0  =   _ 
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W*nax  =  rfij^Wl+V—*}    (34) 

Thirdly,  the  maximum  power,  when  both  e  and  6  are  variable, 
occurs  when  the  above  two  conditions  are  fulfilled  at  the  same 
time: 

e  =  -i(cos  0  +  a  sin  0)  =  \  v'l  +  a" 

Wamaz=    (35) 

The  current  in  this  case 

J=~£r    (36) 

§  8.    Generated  E.  M.  F.  of  motor,  E,  Constant. 

The  general  equations  in  this  case  are  given  in  equations 
23a>6)  and  24.    We  shall  here  discuss  the  particular  cases. 

(a)    Minimum  Value  of  P  at  a  given  Power. 

The  equation  236  shows  that  p  is  inversely  proportional  to  It, 
therefore  it  has  minimum  value  when  k  is  maximum,  that  is: 

tan#  =  a 

n  1 

cos  0  = 


Vl+a- 


sin  0  = 


Hence  the  minimum  value  of  the  generator  terminal  E.  M.  F.  at 
the  given  motor  out-put  Wa  is: 
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The  current  in  this  case. 

E2     f  1     rWn  r(l  +  a-)    |T'       2   rWar(l  +  a>)    f\\  (QQ) 

(b)  Minimum  Current  at  a  given  Power. 

The  minimum  current  /,  at  a  given  power  Wa  occurs  when 

EI=ip  =  0, 

then  W„  =  EI0 

W 

h^-jf  -    (39) 

P  =  y/lti+iQ,f  +  (l0rY    (40) 

(c)  Running  Light. 

If  the  machine  is  running  light,  Wa  =  0,  and 

*-  '  (41> 

If  a  is  large  enough,  we  may  assume  cos  0  =  1,  then 

.     2  =  ±^(l-i>)   (42) 

which  shows  two  straight  lines  meeting  at  the  axis. 

(d)  .    Maximum  Power  at  a  given  Resistance. 

The  general  equation  of  the  power,  when  E  is  constant,  is 

W„  =  -Ap  cos  0  +  ap  sin  0- 1 1 

Firstly,  if  p  only  is  variable,  the  equation  becomes: 
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Wa  =  !>A-B 

where  A  and  11  are  constants.  This  is  an  equation  of  a  straight 
line,  or,  in  other  words,  Wa  varies  proportionally  with  p  and  has 
no  maximum  value. 

Secondly,  if  6  only  is  variable,  the  maximum  Wa  occurs  when 

tan  6  =  a 
n  1 

COS  (/  =  —  ■ 

V  l  +  «'-' 

a 

sin  0  =  — . 

Vi  +  a* 

h  =  + 

put  1J  =  ^-rh {U) 

W;,mx=^ry   (45) 

The  curves  showing  the  relations  between  the  variables  y>  p 
and  a  are  given  in  Fig.  11. 

Thirdly,  if  a  and  0  are  variable,  Watnax  is  found  by 
differentiating  equation  43  with  respect  to  a  and  equating  to 
zero : 


d 
d 


a     (_ g  1  =  0 

da  r    (l  +  «'->slVl+aJ  'J 


2 

o  =  — 


(46) 
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V infix         [l  ^   

The  curve  of  ymaj:  is  shown  in  Fig.  1 1 . 

The  equation  of  current  in  this  case  is: 


(47) 


p  =      W    1 1  +f?-2p  1     1   (48) 

I  =  *Lm   (49) 

r 

vi  +  «-v  vi+« 


where 


The  curves  showing  the  relations  between  the  variables  m,  p 
and  a  are  given  in  Fig.  12.    When  Wa  is  maximum  and  equal  to 

—  ,  }.,  =  —  -7-  the  current  is : 
r     V  +  or         r  4, 

7„  =  A_£_  =  A      1    (51) 

r     '2         r  Jl  +  eP 

P  1 

This  is  shown  in  Fig.  12. 

(e)    Maximum  Power  at  a  given  Reactance. 

If  the  reactance  x,  instead  of  r,  is  given,  the  equation  45 
becomes 

Wa=  ~y  =  —ay 


put       aU~y't  or 


V I  +  a1      1  +  « 

J^,=  f  </'   (53) 

a; 
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The  curves  showing  the  relations  between  v',  a  and  (>  are  given  in 
Fig.  13. 

The  current  in  the  above  case  is: 


I  —        a  vi 

x 


put       a  mi  =  m'  or 


V  !  +  <i.  ^  vl+a- 
/  =  — w'    (55) 

The  curves  showing  the  relations  between  the  variables  »/',  P  and  « 
are  given  in  Fig.  14. 

§  9.  Examples. 

(i)  To  find  the  maximum  line  drop  of  a  transmission  line 
for  a  synchronous  motor  which  can  stand  for  a  certain  load,  even 
when  the  generator  E.  M.  F.  is  dropped  to  a  certain  percentage  of 
the  normal  E.  M.  F. 

Let       %a,  ra  =  reactance  and  resistance  of  the  motor, 

xh  rt  =  reactance  and  resistance  of  the  line. 
The  value  of  xt  is  generally  small  compared  with  xa  and  therefore 
we  may  first  assume  xa  +  x,  =  xa  and  constant,  then  from  equation 
53  we  have 

Now,  for  the  given  value  of  P,  we  may  find  a  from  Fig.  13  which 
corresponds  to  the  value  of  y'  above  found.  Then 
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If  %i  is  not  negligible,  assume  first  xa+xt  =  xa  as  before,  and  find 
r,  =  — -  —  ra,  then  calculate  xt  from  rt  .  Assume  again  xa+xt  — 
Xa  +  Xi',  and  find  a"  and  »'/'■  Then  calculate  again  a/'  from  If 
a:/'  =  xl  the  assumption  was  right,  if  x"  is  not  equal  to  xh 
calculate  again  assuming  a  suitable  value  of  xt  until  they  coincide. 
Example :  — 

E  =  3000  volts  PMin  =  2100  volts 

or  p  =  .7 

ra  —  3  ohms  xa  =  75  ohms 

Wa  =  60.0CO  watts 

,  _  75  x  60000  _  r 
y  ~      3000-     ~~  *'J 

From  Fig.  13,  we  get  a  =  5.2 

=  11.4  ohms 

or  percentage  drop  of  the  line  is  7.6% 

From  Fig.  12,  we  get  m  =  .21 

or  current  in  this  case  =  42.1  amp. 

(ii)    To  find  the  maximum  power  in  the  above  example  when  the- 
exciting  current  of  the  motor  is  kept  constant. 
Assume  P  =  1,  then  from  equation  43 

3000* . 

tyl+rfi    i +  «'-•!  ~~  14.4 
=  1.59  W„ 


WavMT  =  —  {     P     — =         x  .1528  =  95.5  x  10s  watts 


This  may  be  directly  found  from  Fig.  11. 

(iii)  To  find  a  suitable  reactance  of  a  synchronous  motor  which' 
can  stand  for  a  certain  load,  even  when  the  generator  voltage  is 
dropped  to  a  certain  percentage  of  the  normal  voltage,  assuming 
the  drop  due  to  the  line  is  given. 
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From  equation  45 


,      (r„  +  r,)Wn 

y  =  — p— 


from  Fig.  11,  we  find  a  for  the  given  p  then 

*«  =  "0,. +  >•/)-*;. 

(iv)  To  find  a  suitable  reactance  of  a  synchronous  motor  which 
can  stand  for  a  certain  load,  within  an  allowable  limit  of  current, 
even  when  the  generator  voltage  is  dropped  to  a  certain  percentage 
of  the  normal  voltage. 

Let  E  =  3000  volts 

Wa  =  G0.000  watts 
P  =  .7 

I0  r  =  300  volts   or    10  % 
assume  l,mx  =  2  7rt  =  40  amp 

from  equation  49       m  =  ■  "L, r  =  .2 

E 

from  Fig.  12.  a  =  5.45 

I„a:=  1635    or  54.5%. 

<(v)  To  find  how  the  power  will  be  distributed,  when  two  or 
more  synchronous  motors  with  different  resistances  and  reactances 
are  driving  one  and  the  same  shaft. 

Let 


no  of  ruach. 

P 

ra 

a 

E 

wa 

1 

100 

0.2" 

4Q 

20 

100 

1000 

2 

100 

0.2 

3 

15 

100 

? 

3 

100 

0.3 

3 

10 

100 

? 

7.  _  Wa, 

"1  = 

p- 

=  9.02 

Then 


from  Fig.  10  we  get  0X  =  24° 

the  current  in  this  case 
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T  J-      /l  +£"—  2s  COS  6  iaq-c 

li  =  — —J  -.  5  =  J  0.3/ 5  amp. 

Now,  as  the  three  machines  are  driving  one  and  the  same  shaft, 
it  follows:  — 

0X  =  d,  =  03l 

=  7  from  Fig.  10,    a  =  15, 

*3  =  4.98        „        „    ,    a  =  10, 

and  then  we  have 


Wtu  =  =  1328       I,  =       fi**7**?»9  =  13.81 

^'s  =  ^j!^  =  1312       J3  =  13-78 

3  r3(l+a3-) 

This  shows  that  the  power  is  distributed  proportionally  to  the 
reactances,  and  is  almost  independent  of  the  resistances  if  the 
reactances  are  large  enough. 

(vi)  To  find  the  excitation,  in  the  above  example,  with  which 
the  power  may  be  equally  distributed. 

_  Wa^l  +  af) 

-  p--'e, 

put  Wa,  =  1000  and  h,  =  7,  then  we  get 

,    ,    .  1000x0.2x220 

£/-'£'+  loooo  =0 

•j  =  6.28  or  .72 

in  the  same  way      e3  =  4.27  or  .71 

E,  =  72  I,  =  15.15 

E3  =  71  I,  =  15.12 
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Chapter  IV.  Synchronous  Motor. 

§  10.    Motor  Characteristics. 

In  Chapter  I,  Ave  have  stated  that  the  reactance  of  a 
synchronous  machine  can  not  he  considered  to  he  constant,  but 
consists  of  armature  reactions  and  armature  self  inductance. 
Therefore  the  real  characteristics  of  a  synchronous  motor  can 
not  be  found  by  so  simple  a  process  as  that  used  in  the  preceding 
•chapter. 


Fig.  15. 
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When  a  synchronous  motor  is  running,  there  are  four  different 
cases  as  shown  in  Fig.  15,  I,  II,  III,  IV,  where 

I  =  current, 

Ir  =  resistance  drop  of  the  line  and  the  motor  armature, 
Ix    =  self  inductive  drop  of  the  line   and   the  motor 

armature, 
P    =  generator  terminal  E.  M.  F., 
Ep  =  virtual  induced  E.  M.  F.  of  the  motor, 
E    =  nominal  induced  E.  M.  F.  of  the  motor. 
Here    I    shows  the  case  when  the  current  lags  behind  P  and  E, 

II  shows  the  case  when  the  current  is  in  phase  with  E,  or 
t  =  0, 

III  shows  the  case  when  the  current  is  in  phase  with  P,  or 
0  =  0, 

IV  shows  the  case  when  the  current  leads  Pand  E. 

If,  in  the  above  diagram,  Ir  and  Ix  indicate  the  resistance  and 
reactance  drops  of  the  armature,  P  shows  the  impressed  E.  M.  F.  of 
the  motor. 

Considering  an  ideal  synchronous  motor  having  generated 
E.  M.  F.  EPi  driven  by  a  generator  of  which  the  terminal  E.  M.  F.  is 
P}  the  relation  between  P,  Ep,  0U  and  I  can  be  found  by  the 
method  stated  in  the  preceding  chapter. 

E 

Suppose  P,  r,  x  and  Wa  are  given  and  let  e  =  -rr ;  then 
from  equation  21,,, 

Thus  0!  is  found  from  Fig.  10,  and  we  have 

Put    CBp  =  exciting  current  which  would  generate  Ep  at  open 
circuit, 
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CE  =  exciting   current  which  would  generate  E  at  open 
circuit. 

Wc  have  also 

cos  0  =  ~j— 
A  TfJcos  0,  -  cos  T)  ]  80      g  /  m  w  j  cos  ^  ,  80  ,  §\ 

Cjb  =  CEp—KA  I-~f-  sin 

where  ^  is  considered  positive  when  /lags  behind  E  and  negative 
when  2  leads  /v.  Thus  we  may  find  the  curve  giving  1  as  the 
function  of  CE  or  the  motor  characteristics. 

If,  in  the  above  digram,  Ir  and  Ix  are  small  compared  with 
P,  we  can  find  Ep  and  0,  as  follows:  — 

W„  =  P  I  cos  0  —  p  r 

Ep  =  P  —  I  r  cos  0  —  I  x  sin  0    (56) 

Ix  cos  0  —  Ir  sin  d  1^0 
=  ~E  * (57) 

where  0  is  considered  positive  when  /  lags  behind  P  and  negative 
when  I  leads  P.  The  further  calculation  of  GB  can  be  done  as 
before  mentioned. 

§  11.    Generator  Terminal  E.  M.  F.  constant. 

(a)    Minimum  Current  at  a  given  Power. 

The  minimum  current  In  at  a  given  power  Wa  and  a  given 
generator  E.  M.  F.  P  occurs  when  there  exists  no  phase  displace- 
ment between  P  and  I  or  $  =  o  as  shown  in  Fig.  15,  III. 

TF„  =  PI, 
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L  =   .  ~    (58) 

0.  =  tan-1  J»!" 

/'—/„/• 

Then  the  value  CE  in  this  case  can  be  calculated  by  the  method 
stated  in  the  above  paragraph. 

(b)    Running  Light. 

When  the  motor  is  running  light,  tbe  vectors  E  and  P  are 
almost  in  the  same  plase,  and  J  and  P  are  in  quadrature.  In  this 
case,  then, 

Ep=P-Ix   (59) 

CE  =  CEp  +  KdI-™-    (00) 

where  the  sign  (  — )  is  used  when  /  lags  behind  E  and  the  sign  (  +  ) 
when  I  leads  E.    If  CB  =  0, 

qn 

CEv  =  KdI-N-    (61) 

which  occurs  only  when  I  lags  behind  E. 

$  12.    Exciting  Current  Constant. 

(a)    Minimum  Generator  Voltage  at  a  given  Power. 
The  vector  diagram  of  E.  M.  F.  in  this  case  is  as  shown  in 
Fig.  15,  IV.    Now,  we  have 

Wa  =  EpIcoa  (j*-02) 

If  Ep  is  smaller  than  about  70  %  of  /',  we  may  assume: 

E,  =  v(CE-K,,  I  ^sin  #)    (C,->) 
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then  Wa  =  v(CE-Kd  Ijrtfn  <P)  Jcos(^-  6,) 

Solving  the  above  equation,  Ave  get 

_  v  CK  cos  (0-0,)±  Jv~  CI  ca&(<p-da)-4Wa  v  Kd^sin  <p  cos(^-0,) 

J  (63) 

2  u  Kd  ^  sin^  cos  (<p—0.^) 

The  term  under  the  radical  sign  may  be  transformed  as  follows: 
sin  tp  cos     —  ^)|u'J  C^(cot  <p  cos  0.,  +  sin  d.)  —  4  TF„  v  7if(i  -^-J 

This  value  decreases  if  </>  increases  and  finally  becomes  zero  when 
4p  reaches  a  certain  value  which  is  maximum  and  beyond  that 
value  I  becomes  imaginary.  On  the  other  hand  Ep  decreases  as  <f> 
increases  and  becomes  minimum  when  <p  reaches  its  maximum. 
Therefore  minimum  Ep  occurs  when  the  above  term  becomes  zero 
or  /  has  only  one  value.  This  gives  minimum  P.  Thus  the 
condition  of  minimum  P  is: 

to 

r-  <7J(cot  <p  cos  0,  +  sin  0.,) -4  Wa  v  Kd-^-  =  0   (64) 

then  I  =  ^    (66), 


Put       I  =  i  I0 


i-  ^§    (65), 


2  KAl0-N-z\n<p 

Ep  =  vKaJ~sw<f>  =  v^   (66) 

GEp  =  Kd  l       sin  <p=*-f-    (67; 


from  epilation  64, 
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^Tc,„(cos02-cosf-)  i8o 
p.,  =  — 


GEpN 


•  9  f„  m  iQ  I  cos  </>  f  @  x 

=  •  9  /„  m  if  a  to  I  siu  ^(C03  ^~«»t)  ><  «™ 

=  57.3^^(cos^-cos|-)    (69) 

2ind  thus  we  find 

P—  =  J{v^f  cos  sin  (f-6J-I  xj  (70) 

(b)  Minimum  Current  at  a  given  Power. 

The  minimum  current  at  a  given  Power  and  a  given  exciting 
•current  occurs  when  there  exists  no  phase  displacement  between 
Eand  1.  -Fig.  15,  II. 

Here  Ep  =  E 

Wa  =  E I  cos  0.   (71) 

AT em{co&  d,—co?,~) 

o,  =  c£17  573 

0.9  f.tntoW.r  C03^57o 
~      CENE     V     cosO,)0'-6 W 

P  =  V(E  cos  6,-rI  rf  +  (E  sin  d, +1  xf  (73) 

(c)  Running  Light. 
In  this  case, 

CFp  =  GE±KdI-^-   (74)a 

-where  the  sign  (  +  )  is  used  when  I  lags  behind  E  and  the  sign  (— ) 
when  I  leads  E. 
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P  =  Elt  +  Ix    (75) 

If  CE  =  0,  we  have 

C,.P=*'„Z-^    (74), 

§  13.    Maximum  Power  for  a  given  Generator  E.  M.  F. 
and  a  given  Exciting  Current,  as  well  as 

Minimum  Exciting  Current  for  a  given  Generator 
E.  M.  F.  and  a  given  Power. 
We  have  found  in  equation  63, 


v  CE  cos  (tf-^-OS)  ±V  ©s  Cj  cos-(^'  — /?,)  — 4  Wn  v         sin  <p  cos(^  —  #._,) 
2  v  A'd^-sin  (p  cos  (<p—d.^ 

The  term  under  the  radical  sign  may  be  transformed  as  follows:  — 

4  v  Kd  ^sin  ji  cos  (^-^)|  V  C*  (cot    cos  0s  +  sin  02)-  1F„} 


at 


Suppose  CE  is  given,  tlien  this  term  decreases  according  as  Wa 
increases  and  finally  it  becomes  zero,  in  which  case,  Wa  is 
maximum,  because  beyond  that  value  I  becomes  imaginary. 

wL  a*  =  (cot  d>  cos  0 ,  +  &in  0.,)    (76) 

The  term  under  the  radical  sign  may  also  be  transformed  as 
follows :  — 

4  WaEd~ 

V"  COSJ  ' 


i  4  YV  ,ll\d~fT  \ 

32iV  -  e.)\  cj  -  v  ,  , — .  ^  .  ^  I 

vr      -'\  ^     r(cot  <p  cos  0.,  +  sm  #,)/ 


Suppose  lFa  is  given,  then  this  term  decreases  according  as  CE 
decreases  and  finally  it  becomes  zero,  in  which  case,  CE  is 
minimum. 
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^E  min  — 


(77) 


v(coi  <p  cos  6.,  +  sin  </„) 


In  both  cases,  we  have  equations  the  same  as  those  shown  in  equa- 
tions 05,  G6,  G7,  69  and  70. 

To  find  the  value  Wa  max  (or  CE  „„•„)  at  given  P  and  CE  (or  Wa) 
by  direct  calculation  is  too  complex.  We  therefore  draw  a 
curve  giving  Wa  ma,  (or  CE  min)  as  the  function  of  P  at  given 
CE  (or  n*a)  taking  any  value  of  <P  and  then,  from  the  curve  thus 
drawn,  we  find  the  value  Wamax  (or  CEm!n)  corresponding  to 
the  given  P. 

$  14.    Examples  of  Motor  Characteristics, 
(a)    Effect  of  Armature  Self  Inductance. 

We  shall  firstly  see  how  the  armature  self  inductance  of  a 
synchronous  motor  affects  its  characteristics.  As  the  synchronous 
motor  is  usually  designed  with  a  very  weak  magnetic  density,  we 
may  assume  it  has  open  circuit  characteristics  as  shown  in  Fig.  8,  I 
or  e  =  1.1,  and  let  us  assume 

—   =  -bb/       or       cos —  =  5 
r  'A 

JCi  =  2.l5 

I0ra  =  normal  current  x  armature  resistance  =  .02P 

T0x„  =  normal  current  x  armature  inductance  =  .OQP  or  .12P 


taking  both  the  extremes  which  would  occur  in  an 
actual  case. 


.06337J 


or 


.1218ZJ 


a 


2 


Then  from  equation  15  we  have 


Of 


=  3b  95 
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T  10 

lo       =  =  20.(5 

or  =  18.1 

Suppose  the  motor  is  driven  without  a  transmission  line,  we  then 
get  the  motor  characteristics  as  follows:  — 
When  the  motor  is  running  light, 

put  I  =  H0 

E„=  P  +  il0xa  =  pjl  +  jApLj 

C1C  =  CEp+Fd  i  I0~ 
when  the  motor  is  loaded, 

Wa  =  PI0  -  rali  =  P/0  jl-J^J  =  .98P/0 

nna  ,  _  Wa  +  r„P  .98  P  Jn + i-  x  .02  P  In  .98 + m? 
cos0_      pi      _  pTp-  =  •  

from  (56)       EP  =  P- ra  I0  i  cos  0  +  xa  I0  i  sin  0 

■  P  /i     r" In  ■      d.      x* 7"  •  •  A 
—  1  {i  p—  l  cos  0  q=  —p—  %  sin  0  } 


.9  ??i  fw  Iojfi  cos  ^(cos  0.,—  .5) 


„    (ll)a        0°  =  57.3 


put      m  =  3,      /w  =  .906       for  q  =  2.,         =  ±0-Ox-O, 
149.5  I0  ^  i  cos  ( ±  0  - <?! - l?2)(cos  d, - .  5) 


0,°  = 


Bp 


CE  =  CEp  =F  *  Jid  I0  --^  sin  ^ 

The  following  tables  show  the  motor  characteristics  when? 
numerical  values  are  applied  in  the  above  equations. 
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Table  I.    (No  Load) 


■^0  ^ (i 

=  .06  P 

=  .12  P 

i 

P 

EP 

Cep 

.  „  _  to 

EP 

Cep 

.             T  W 

CE 

1 

100 

94 

92 

44.25 

47.7o 

88 

84.8 

38.95 

45.85 

.5 

100 

97 

96 

22.1 

73.9 

94 

92 

19.5 

72.5 

/2 

100 

98.8 

98.2 

8.85 

89.35 

97.6 

96.8 

7.8 

89 

0 

100 

100 

100 

0 

100 

100 

100 

0 

100 

t2 

100 

101.2 

102 

8.85 

110.85 

102.4 

103.5 

7.8 

111.3 

.5 

100 

103. 

104.3 

22.1 

126.4 

106 

109 

19.5 

128.5 

1 

100 

106 

109 

44.25 

153.25 

112 

119 

38.95 

157.95 

Table.    IIa  (loaded) 


IQxa  =  .06  P 


i 

COS0 

0 

sin  0 

E. 

9x 

0, 

<P 

sin  <p 

•  T7    T  »* 
lJ\dl0y 

sin  ip 

cE 

2 

.53 

58° 

.848 

87.68 

84 

1.9° 

25.3n 

30.8' 

.512 

-45.3 

38.7 

1.5 

.684 

46.8 

.729 

91.3 

88.5 

2.5 

21 

23.3 

.3955 

-26.2 

62.3 

1.2 

.84 

32.9 

.543 

94.07 

92 

2.8 

17.9 

12.2 

.2113 

-11.2 

80.8 

1.1 

.914 

24 

.4067 

95.3 

94 

3.1 

16.5 

4.4 

.0768 

-  3.7 

90.1 

1 

1 

0 

0 

98 

97 

3.5 

14.3 

17.8 

.3057 

+  13.5 

110.5 

1.1 

.914 

24 

.4067 

1C0.67 

101 

3.9 

12.3 

40.2 

.6455 

+  31.4 

132.4 

1.2 

.84 

32.9 

.543 

101.89 

102.5 

4.1 

11.4 

48.4 

.7477 

+  39.6 

142.1 

1.5 

.684 

46.8 

.729 

10M 

106.5 

4  8 

10 

61.4 

.8779 

+  58.3 

164.8 
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Table.    IIh  (loaded) 
I0xa  =  .12  P 


cosd 

<f> 

sin  6 

*• 

CEP 

0i 

0, 

<P 

sin  ip 

sin  <p 

CE 

2 

.53 

58° 

.848 

77.53 

73 

6.9° 

26.6° 

24.5° 

.4147 

-32.3 

40.7 

1.5 

.684 

4G.8 

.729 

84.85 

80.9 

6.9 

20.6 

19.3 

.33 

-19.3 

61.6 

L.2 

.8^1 

32.9 

.543 

90.16 

87 

6.9 

16.8 

9.2 

.1598 

-  7.5 

79.5 

1.1 

.914 

24 

.4067 

92.61 

90 

69 

15.2 

1.9 

.033 

-  1.4 

88.6 

1 

1 

0 

0 

98 

97 

7 

12.4 

19.4 

.3322 

+  12.9 

109.9 

1.1 

.914 

24 

.1067 

103.37 

105 

7.1 

10.3 

41.4 

•6613 

+  28.3 

133.3 

1.2 

.84 

32.9 

.543 

105.8 

108.5 

7.3 

9.4 

49.6 

.7614 

+  35.6 

144.1 

1  5 

.684 

46.8 

.729 

111 

117 

7.5 

8 

62.3 

.8853 

+  51.6 

168.6 

The  above  results  are  shown  in  Fig.  1G.  From  these  curves 
we  see  that  the  characteristics  of  the  motors  having  the  same  open 
and  short  circuit  coefficients  but  different  self-inductances  nearly 
coincide  with  each  other,  or,  we  may  say  that  the  armature  self- 
inductance  of  a  synchronous  motor  has  little  effect  upon  its 
characteristic. 


(b).    Effect  of  Magnetic  Saturation 
Let  us  assume 

I0xa  =  .12  P 
a  =  2 
Ka  =  2.15 
e=  1.1  Fig.  8,  I. 

or  =1.4  „  HI. 

The  results  are  shown  in  Fig.  17. 
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(e)    Effect  of  Short  Circuit  Coefficient. 

Let  us  assume 

I0xa  =  .12  P 

e  =  11  Fig.  8,  I. 

a  =  1 ,  2    or  4. 

The  results  are  shown  in  Fig.  18. 

From  Figs.  17  and  18,  we  can  find  how  the  motor 
characteristics  are  affected  by  the  open  and  short  circuit  coefficients, 
or  e  and  a.  If  we  draw  curves  taking  sufficient  numbers  of  a  and  e, 
we  may  find  the  particular  values  of  a  and  e  which  give  the 
required  motor  characteristics.    Thus  we  find  that: 

'  The  load  characteristics  of  a  synchronous  motor,  are  deter- 
mined by  its  no-load  characteristics/ 

(d)    Example  of  §  13. 

As  an  example  of  §  13,  we  take  a  motor  driven  by  a  generator 
placed  at  a  long  distance.  Let  us  assume  the  motor  coefficients  as 
ollows  :  — 

b  0 
—  =  .06  (     or     cos      =  .5 

7i'a  =  .825 
m  =  3 
3  =  2 
/„  =  .906 
Kd  =  2.15 
0  ss  1.1     or    curve  I  in  Fig.  8 


42  M.  Shibusawa: 

From  equation  7G  we  have. 

Wa  liar  =  (cot  </>  cos  6t  +  sin  0,,)  1  ( 


and  from  (69) 

d.,  =  57.3  ^  (cos  0.,-cos®)  =  69.5  cot  $  (cos  0s-.5) 

put  AT  =  cot  (p  cos  0,,  +  sin  0a 

The  relation  between  M,  0,  and     is  shown  in  Fig.  19. 
Now  let  us  assume. 

P    =  normal  voltage  at  generator  terminal  =  100, 
I0ra  =  normal  current  x  armature  resistance  =  -02  P  =  2, 
I0xa=  x armature  reactance  =  -IP  =  10, 

Z0  r,  =  , ,  x  line  resistance  =  .08  P  =  8, 

IqX^  ,,  x line  reactance  =  .1  P  =  10, 

Wa  =  normal  power  of  the  motor  =  [P— I0(r„  +  ?^]  J0  =  90 10, 
I     =  current  =  HB, 


(i).    Let  the  exciting  current  be  given,  or  CE  =  100,  then 

maximum    w  _    1^     _  =  30  6  ^ 

Power  4A'd^x90J0  A'rfZ0^ 

Current       i  =  


2Kd  I0  -jf  sin        A*,*  I0  -  jjr  sin  ^ 
Terminal  voltage 


*  =  J[v  ^  cos  (0 - 0,,)  +  I (ra  +  »■,)  J  +  [«^r  sfe j# - ^ aj]* 
=  V[55  co.s(^-<?2)  +  10  <]-'  +  [55  sin  (^-0,)  -  20  i]s 
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Table.  III. 


-rr     -w-  IB 

M 

6, 

sin  ip 

P' 

a  —  l                         _  -551 

=  .337  M  sin 

90.73 
»i 

1 

1.12 

2.97 
3.32 

17.2 
14.7 

45.2 
47.3 

.2957 
.2537 

1.86 
2.175 

92 
100 

a  =  1  5                          _  871 

=  .533.1/                                                                            —  sin  0 

57.4 

JJ 

1 

1.35 

1.87 
2.53 

32 
21.6 

35.2 
42.2 

.5299 
.3681 

1.64 
2.36 

80 
100 

556211         a  =          (Minimum  Current)  -91 

55 

1 

1.789 

34 

34 

.5592 

1.625 

78.4 

=  .75  M                              °~2  -sin^ 

40.73 
>» 

1 

1.55 

1.333 
2.065 

45.2 
28.5 

26.8 
37.5 

.7095 
.4771 

1.733 
2.58 

71.6 
100 

,,-OK  1.628 
=  .9973/                            T"4,B                               -  sin  ^ 

30.73 
»» 

1 

1.75 

I 

1.755 

55 
34.5 

21 

33.6 

.8192 
.5664 

1.99 
2.87 

66 
100 

r/  _  q  2.08 

=  1.27  it/  d 

24.06 
»> 

1 

1.9 

.788 
1.495 

62 
41 

16.8 
29.5 

.8829 
.6561 

2.36 
3.17 

62.8 
100 

«  —  3  5  2-5s 
=  1.58M                      «_d.D  _s.n^ 

19.33 

1 

202 

.633 
1.28 

67.5 
47. 

13.5 
26 

.9239 
.7314 

2.8 
3.53 

61.2 
100 

=  1 .94  M                                4                            -  sin  ^ 

15.73 
it 

1 

2.06 

.515 
1.06 

71.5 
53.5 

11 

22 

.9483 
.8038 

3.35 
3.96 

63.5 
100 
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The  above  results  are  shown  in  Tig.  20,  where 

Curve  I     shows  P'  as  function  of  a  when  Wa  =  .!)  P  I0  the 

minimum  P'  occurs  when  a  =  ;;.."), 
Curve  II   sliows  %  as  function  of  a  when  Wa  —  .9  P  h  the 

minimum  current  occurs  when  a  =  1.56, 
Curve  III  shows  wm  as  function  of  a  when  iJ/  =  100  =P, 
Curve  IV.  shows  i"  =  current  at  II',  ,„„,.  as  function  of  a  when 

V  =  ioo  =  p. 

(ii)    Let  a  be  given  and  equal  to  2,  then 
KdI0-™-  =  30.73 

"•<«  =  ™W* 

61.46  sin  ^ 


Table  IV. 


1C„ 

21/ 

0, 

sin  <p 

i 

w,„  =  .997  ill 

1.628 

1       sin  >p 

100 

1 

1 

55 

21 

.8192 

1.99 

66 

1.75 

1.755 

34.5 

33.6 

.5664 

2.87 

100 

„=1.205M 

.  _  1.79 

1       sin  $ 

110 

1 

.83 

61 

17.5 

.8746 

2.05 

64.3 

1.87 

1.55 

39.5 

30.5 

.636 

2.82 

100 

W, 

,  =  1.435M 

.  _  1.95 

1       sin  \fi 

120 

1 

.697 

65.5 

14.7 

.91 

2.14 

63.6 

?) 

2 

1.392 

43.5 

28 

.6884 

2.84 

100 
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■wm 

M 

4' 

6, 

sin  ip 

i 

P' 

,  ,QK                   Minimum  P'                    _  -m 
W„  =  1.535                                                                  1  —  sin  .A 

124 

1 

.652 

67 

13.8 

.9205 

2.2 

63.5 

2.115 

«?= 1.685  M                                                   *  =  sinT 

130 

1 

2.12 

.594 
1.258 

69 
47.5 

12.6 
25.6 

.9336 
.7373 

2.265 
2.87 

63.8 
100 

2.275 

w„=l.955Af                                                     *  — sin^, 

140 

>> 

1 

2.2 

.512 
1.14 

72 
51 

10.8 
23.5 

.9511 
.7771 

2.89 
2.925 

64.5 
100 

2  44- 

w..=2.24M                                                   *  =  5nT 

150 

1 

2.3 

.446 
1.026 

74 
54.5 

9.6 
21.3 

.9613 
.8141 

2.52 
2.975 

65.5 
100 

The  above  results  are  shown  in  Fig.  21,  where 

Curve  I     shows  P'  as  function  of  CE  when  Wa  =  .9  Pl0 
Curve  II  shows  i'  as  function  of  GE  in  the  above  case, 
Curve  III  shows  wm  as  function  of  CE  when  ly  =  100  =  1\ 

Thus  we  see  the  minimum  terminal  voltage  occurs  when  C'E  =  124 
and  the  maximum  output  and  the  corresponding  current  do  not 
vary  much  with  the  exciting  current  if  the  short  circuit  coefficient 
remains  the  same. 

§  15.    Comparison  of  Motor  Characteristics  of  an  Ideal 
Motor  and  one  having  Armature  Reactions. 

Let  us  take  the  following  examples:  — 

(a)    The  motor  driven  without  transmission  line. 

Suppose  we  have. 


•40  M.  Shibusawa: 

a  =  2.5 
J0  rfl  =  .02  P 
Wa  =  MHPI0 

Then 

as  ideal  motor  Armature  reactions  considered 

I0  x„  =  AP  I0  x„  =  .12  P  (assumed) 

=  20  Jv^JLss  28.95 


.02  P  "  0  2V 

It  =  i|i  +  £  (loaded)  I0-|-  =  1 3.45 

=  e  (at  no  load)  e  ss  1.1  (assumed) 

I  =  2.5  I0  Vl+e-'— 2  ecos</  (loaded) 
=  2  5  J0(l-£)  (at  no  load) 
The  results  are  shown  in  Fig.  22. 

(b)    The  motor  driven  through  a  long  transmission  line 
-Suppose  we  have 

a  =  2.5 

Iara  =  Armature  re  distance  drop  =  .02  P 
I0  rL  =  line  resistance  drop  =  .03  P 
I0xt  =  line  reactance  drop  =  .1  P 

Wa  =  PI0-I0*(ra+ri)  =.9PJ0 

as  ideal  motor.  Armature  reaction  considered 

J0  xa  =  AP  I0 xa  =  .1 P  (assumed) 

a  =   A+l    =5  «  =  k(r"  +  T>}  =  2 


U2  +  .08  /o(^a  +  n) 

+  £  (loaded)     cos  0  =  •9  +  -'1?'  ^"  being  equal  to  ^ ^ 
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k  =  e  (at  no  load)  Jc  =         +  e 

1  =  '2.5  ZoV/]  +  s"-2ecos0  (loaded)      J  =  1^^0(1 +e-  —  2e  cos  0) 
=  2,51,(1-6)  (at  no  load)  ft^ai^tcoB^-^-^coBg.-.S) 

The  results  are  shown  in  Fig.  23.  From  Fig.  22  and  23  we  see 
that  both  the  characteristics  agree  fairly  well  for  a  weak 
magnetic  density. 

Chapter  V-  Numerical  Examples. 

§  16  (a)  120  KW.    Synchronous  Motor. 

Maker  Siemens-Schuckert  Werke 

KVA  =  1.732  x  3000  x  29  =  150  when  cos  0  =  .8 

P  =  3000  volts  or    1732"  per  phase 

~~  =  50 

p  =5 

m  =  3 

I0  =  23.1 

Effective  Resistance,  from  equation  1, 

ohmic  resistance,  (measured)  =  r0  =  1.1 5Q  per  phase 
effective  resistance  =  ra  =  1.15  x  1.74  =  2°iim 

•Reactance  due  to  Self  Induction,  from  equation  3, 

I  3/-!        rx  +  r.z  J 

r,  =  28-5  r  =  51 

r,  =  35  r3  =  6.35 

K  .  1 

Prom  equation  52,  ^  being  equal  to  2 

;,,  =  ?,!+  1.5V+  2(4"+;/"+...;,"...  +  +#>) 
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/)  =  1050  """ 


10 


=  330 


-1) 

Z    =-60-  =  55 


=  z  -  r,  =  26.5 
d    =  r  +  rA  =  57.35 
/ '  =  0.92  log     +  ^h^j  =  .92  x  .594 

/.,"  =  0.92  log  (l  +  y^r)  =  -92  x  .152 

V  =  0.92  log  ( 1  +  „   ^  =  .92  x  .  145 

/./'  =  =  .92  x  .0878 

=  0.92  log  t—r-,  =  .92  x  .477 1 


Z{1l  —  I ) 

A,  =  2.06G 
From  equation  7. 

=  0.40?,  [log  A- -.2] 

rf4  =  A  (65+50)  =  73 

\t  moan  =55 

/.  =  .(32 


w  =  330 

Z,  =  17.65 

then  we  have 

x„  =  5.95  ohms. 
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We  have  on  the  other  hand  the  open  and  short  circuit  charac- 
teristics in  Fig.  24  and  also: 

b  =  200 

—  =  .606 

r 

/«  =  -966 
N  =  5780 

v  =  190volt  per  ampere  of  exciting  current 

iz  b 

sin-TT 
Kd  =  .9/„  m     K  b     =  2.23 


2  T 

10  lnr7. 


to   _  I0Z„ 


IV  v 

v(Cl0-  KaI0  jr) 
za  =—  ,  —  =  6.25 


**  =  -  2J  =  5.93 

We  have  found,  therefore,  that  the  calculated  reactance  due  to 
self  inductance  coincides  with  that  measured. 

The  characteristics  of  this  motor,  measured  and  calculated, 
are  shown  in  Fig.  25.  We  see  that  there  occurs  little  difference 
between  the  results  measured  and  calculated  for  a  high  exciting 
current. 

(b)    50  K IV  Synchronous  Motor. 

Maker  General  Electric  Co. 

P    =         500  ™it    or    288  volt  per  phase 

^  =  60 
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The  open  and  short  circuit  characteristics  of  this  machine  are 
shown  in  Fig.  2(5. 

ohmic  resistance  of  armature  measured  =  .1  ohm  per  phase 
effective  resistance  =  .15 

Suppose  effective  reactance  =  x„  =  .5   or   I0xa  =  .\P 

Ed  =  2.15 


The  motor  characteristics,  measured  and  calculated,  are  shown 
in  Fig.  27.  The  difference  which  appears  at  no  load  arose  from 
the  fact  that  the  actual  measurements  were  made  when  the  machine 
was  little  loaded.    But  they  agree  fairly  well  when  loaded. 
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The  Protective  Action  of  the  Ground  Wire. 

By 

H.  Ho,  Professor  of  Electrical  Engineering. 

Introduction. 

The  foremost  requirement  of  a  long  distance  electric  trans- 
mission system  is  the  reliability  of  its  service.  It  is  not  always 
possible  to  provide  reserve  power  stations  or  battery  installations 
which  can  take  up  the  entire  load  on  occasion  of  a  shut-down 
even  for  a  short  time,  and  the  question  of  the  protection  of  the 
transmission  line,  which  is  the  weakest  point  in  a  system,  becomes 
more  and  more  important  as  the  distance  and  the  volume  of  power 
transmitted  increase. 

No  doubt,  the  most  annoying  cause  of  trouble  in  the  trans- 
mission line  and  the  apparatus  in  immediate  connection  with  it, 
is  cloud  lightning,  that  is,  the  disturbance  caused  by  the  discharge 
of  atmospheric  electricity.  Other  causes  such  as  wind  and  sleet, 
destructive  as  they  are  in  their  effects,  are  simple  in  action  and 
easier  to  provide  against.  Line  protection  against  lightning  has 
therefore  been  one  of  the  most  favorite  topics  of  discussion  with 
electrical  engineers  for  the  past  five  or  six  years,  and  many  are 
the  inventions  of  new  lightning  arresters  and  the  elaborate 
papers  on  the'nature  of  lightning  disturbances  that  have  appeared, 
the  consequence  being  that  we  are  now  much  more  familiar  with 
the  power  and  bebavior  of  lightning,  and  the  line  and  apparatus 
are  now  protected  with  better  devices  and  better  knowledge  than 
was  the. case  a  few  }ears  ago. 
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The  opinions  of  the  recognized  authorities  on  this  subject, 
and  the  reports  of  the  committees  of  learned  societies  agree  in  one 
point  at  least,  that  the  protective  effect  of  the  ground  wires,  that 
is  earthed  wires  on  the  transmission  line  ahove  the  conductors,  is 
certain  beyond  doubt,  the  confirmation  by  the  actual  diminution 
of  lightning  broubles  by  this  simple  device  in  many  and  various 
transmission  systems  being  quite  indisputable. 

This  idea  of  using  the  ground  wire  for  line  protection  is  quite 
old;  but  originally  inadequately  thin  wires,  indeed  very  often  the 
barbed  galvani/.ed  wires  used  for  cattle  fences,  were  employed; 
and  very  naturally  they  caused  more  trouble  than  benefit  by 
breaking  and  falling  upon  the  line  conductors.  In  consequence 
the  ground  wire  lost  favor  with  engineers  for  some  time.  However, 
its  real  merits  were  gradually  recognized  till  its  adoption  was 
revived  very  generally,  this  time  with  better  method  and  better 
material,  so  that  it  is  now  considered  decidedly  bad  practice  to 
neglect  to  specify  the  ground  wire  for  a  transmission  line  of  any 
importance  exposed  in  any  degree  to  atmospheric  disturbances. 

Very  strange  to  say,  the  principles  of  the  protective  action  of 
the  ground  wire  are  very  little  understood  by  engineers  in  general, 
their  notions  about  it  being  not  much  advanced  beyond  the  barbed 
wire  stage.  Even  in  the  writings  of  eminent  engineers  of  the 
day,  the  ground  wire  is  usually  treated  simply  as  a  particular  form 
of  lightning  conductor,  recognizing  only  its  protective  action 
against  the  direct  stroke  of  lightning. 

In  our  opinion,  its  action  in  diminishing  the  havoc  done  to 
the  transmission  line  and  apparatus  by  the  disturbances  caused  by 
cloud  lightning  can  be  analyzed  into  four  kinds. 

(1)  Protection  from  direct  strokes  of  lightning. 

(2)  The  shielding  effect,  by  which  the  charge  induced 
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on  the  transmission  line  by  the  thunder  cloud  is 
diminished. 

(3)  The  increase  of  the  capacity  of  the  transmission 
line,   in    virtue    of  which    the   rise   of  the  line 
potential  clue  to  the  above  said  induced  charge, 
upon  the  discharge  of  the  inducing  cloud  to  other 
clouds  or  to  the  earth,  is  decreased. 

(4)  The  formation  of  a  short-circuited  secondary  to  the 
transmission  line,  by  which  an  increase  of  the 
effective  resistance  and  a  decrease  of  the  effective 
inductance  of  the  line  are  obtained,  which,  in  con- 
junction with  the  increase  of  the  capacity  stated 
above,  causes  an  increase  of  the  attenuation  con- 
stant, which  means  an  increased  rapidity  with 
which  the  travelling  wave  of  electric  potential  is 
diminished  in  its  wave  height. 

The  first  of  these  is  of  course  well  known,  and  was  in  truth 
the  sole  object  for  which  the  barbed  Avire  was  originally  strung 
on  the  poles.  The  second  is  understood  pretty  well  now-a-days; 
but  as  to  the  third,  it  is  passed  unheeded  by  most  writers,  and  with 
some  of  them  it  is  difficult  to  tell  whether  they  recognize  this 
action  or  not.  The  only  instances  of  its  statement  that  I  have 
ever  come  across  are  in  W.  L.  Water's  short  discussion  of  R.  D. 
Mershon's  paper  (High  Tension  Power  Transmission,  compiled  by 
A.  I.  E.  E.,  p  111),  and  a  few  lines  in  R.  P.  Jackson's  paper  in 
the  Proceedings  of  A.  I.  E.  E.,  1907. 

With  the  fourth,  the  case  is  still  worse.  The  only  reference 
to  this  action,  to  my  knowledge,  is  to  be  found  in  Rushmore  and 
Dubois'  paper  in  the  same  volume  of  the  said  Proceedings  and  the 
authors  dismiss  the  subject  with  the  following  three  lines. 
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"The  ground  wire  in  connection  with  the  earth  forms  a 
short-circuited  secondary  which  helps  to  dampen  out  disturbing, 
oscillations." 

This  curious  lack  of  complete  explanation  of  the  real  action, 
of  the  ground  wire  has  led  to  the  preparation  of  the  following, 
short  essay. 

Chapter  I. 

Lightning  and  its  Effects  upon  the  Transmission  Line. 

Opinions  still  differ  concerning  the  origin  and  source  of  the 
atmospheric  electricity  which  produces  the  lightning  discharge; 
but  according  to  the  most  probable  of  the  theories,  the  minute 
water  particles  in  the  air  are  endowed  by  the  action  of  the  sun 
with  an  electric  charge,  which  is  always  positive.  According  to- 
Prof.  E.  Thomson,  the  years  in  which  sun-spots,  are  abundant 
coincide  with  the  years  of  great  activity  of  lightning  discharges  on 
the  earth.  As  these  water  particles  unite  to  form  larger  drops, 
the  charge  on  each  spheroid  increases  in  direct  proportion  to  its 
volume  while  the  surface  does  not  increase  at  the  same  rate, 
consequently  the  surface  density  of  the  electric  distribution  and 
therefore  the  electric  intensity  outside  it  increases  gradually  until 
the  intensity  becomes  so  great  that  the  air  is  torn  disruptively  at  a 
certain  spot  and  the  adjoining  parts  follow  in  succession,  producing, 
the  irregular  path  of  the  spark  in  the  cloud  which  is  determined, 
by  the  line  of  least  resistance  at  every  stage  of  its  progress,  just 
like  the  cracking  of  a  solid  substance. 

Thus  the  charge  of  a  thunder  cloud  is  not  distributed  on  the 
outer  surface  as  is  the  case  with  a  charged  conductor,  but  is 
disseminated  throughout  the  cloud.    But  in  explaining  the  effect 


The  Protective  Action  or  the  Ground  Wire. 


55 


of  the  lightning  discharge  upon  the  transmission  line,  there  is  of 
-course  no  harm  in  treating  the  thunder  clouds  for  the  sake  of 
simplicity  as  insulated  charged  conductors. 

The  ways  in  which  the  lightning  discharge  affects  the  trans- 
mission line  and  causes  disturbance  in  it  may  be  classified  as 
follows; — 

(a)  Direct  stroke. 

(b)  Induction. 

By  direct  stroke  is  meant  the  discharge  of  the  thunder  cloud 
directly  on  the  line,  the  consequence  being  either  the  puncturing 
of  the  insulators  or  the  spill-over  on  their  surface,  with  the 
•consequent  cracking  by  the  heat,  and  very  often  the  splitting  and 
burning  of  the  wooden  arms  and  poles.  The  region  thus  affected 
is  generally  very  much  restricted  in  extent,  rarely  exceeding  a  few 
pole  spans.  This  can  be  explained  by  the  exceedingly  high 
frequency  of  the  discharge,  which  forces  the  spark  to  take  the 
shortest  possible  path  to  the  earth,  on  account  of  the  predominant 
effect  of  the  inductance.  If  the  stroke  be  so  weak  as  to  be  unable 
to  punture  the  insulators  or  cause  a  spill-over,  it  produces  simply 
traveling  waves  of  electric  charge  and  therefore  of  potential, 
which  propagate  in  both  directions,  as  in  the  case  of  the  induced 
•charge  to  be  treated  below. 

To  take  the  blunt  of  such  a  direct  stroke  and  conduct  the 
■discharge  to  the  earth,  is  the  first  of  the  actions  of  the  ground 
wire  which  we  have  enumerated  above,  and  it  is  exactly  similar 
to  tbat  of  an  ordinary  lightning  conductor  in  principle  and 
requirements. 

Next,  to  consider  the  case  of  induction:  suppose  a  thunder 
■cloud,  which  is  almost  always  positively  charged,  approaches  a 
transmission    line.     Then    the    corresponding  distribution  of 
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negative  charge  on  the  earth's  surface  approaches  also,  and  a. 
part  of  it  is  produced  on  the  line  conductors;  that  is,  although 
most  of  the  Faraday  tubes  originating  in  the  charged  cloud  end 
on  the  ground,  a  small  part  terminate  on  the  line. 


Fig.  1. 


If  the  transmission  line  be  grounded  at  its  neutral  point  at 
either  one  or  both  of  the  ends,  the  state  of  the  induction  would  be 
as  shown  in  Fig.  1,  negative  distribution  only  being  produced  in 
that  part  of  the  line  opposite  the  inducing  cloud  (the  dotted  lines 
show  the  Faraday  tubes  which  go  directly  to  the  ground). 

Now  suppose  the  charge  of  the  cloud  suddenly  disappears 
being  discharged  to  the  ground  or  to  other  clouds, — as  is  clear 
from  the  nature  of  the  charge  on  a  thunder  cloud,  as  explained 
above,  it  is  impossible  that  the  whole  charge  should  disappear 
with  one  discharge,  but  as  we  are  considering  the  phenomena 
accompanying  a  single  discharge,  it  is  sufficient  to  contemplate 
only  that  portion  of  the  Faraday  tubes  and  electric  intensity 
which  disappear  at  the  single  discharge, — then  we  have  moment- 
arily the  distribution  of  the  negative  charge  left  on  the  line,  and 
the  potential  of  that  part  is  no  more  zero  as  it  was  before  the 
discharge,  but  we  have  a  distribution  of  negative  potential,  which 
is  obtained  by  dividing  the  charge  per  unit  length  by  the  capacity 
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per  unit  length :  and  the  Faraday  tubes  bridge  the  space  between 
the  line  and  the  ground  as  indicated  in  Fig.  2. 
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Fig.  2. 

The  distribution  of  charge  and  therefore  that  of  potential  now 
takes  the  form  of  traveling  waves  which  are  propagated  in  both 
directions. 

If  the  potential  be  sufficiently  high  either  to  puncture  the 
insulators  or  to  cause  a  spill-over,  the  maximum  potential  of  the 
traveling  waves  would  naturally  be  decreased;  according  to 
Creighton  it  may  sometimes  reach  as  high  a  value  as  500,000 
volts. 

The  most  comprehensive  analogue,  in  our  opinion,  of 
distributed  capacity  and  inductance  like  those  of  a  transmission 
line,  is  a  spiral  spring  as  shown  in  Fig.  3;  the  mass  per  unit 
length  of  it  in  the  unstrained  state  represents  the  inductance  per 
unit  length  of  the  line;  the  fractional  contraction — that  is  the 
ratio  of  the  decrement  of  the  length  of  an  element  to  its  original 
length — and  the  fractional  elongation  represent  the  positive  and 
the  negative  charge  per  unit  length  respectively.  The  tension 
and  the  pressure  correspond  to  the  negative  and  the  positive 
potential;  the  extensibility  of  the  spring,  that  is  the  ratio  of  the 
fractional  elongation  to  the  tension,  corresponds  to  the  capacity 
per  unit  length  of  the  line;  the  velocity  of  a  point  represents  the 
current,  and  the  displacement  of  a  point  from  its  original  position 
shows  the  total  quantity  of  electricity  that  has  passed  through  the 
corresponding   point   of   the   transmission   line.    It   is   to  be 
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remembered  that  the  number  of  convolution-;,  that  is  to  say  the 
original  length  of  the  spiral  in  the  unstrained  state,  must  be  taken 
as  the  measure  of  the  length  of  the  transmission  line. 

mwrnmrmmw 

Fig.  3. 

By  means  of  this  analogue,  all  kinds  of  free  and  forced 
oscillations  and  all  other  transient  phenomena  of  a  line  can  be 
explained;  the  reflections  at  the  ends,  and  the  partial  reflections 
at  the  transition  points  between  two  parts  of  a  line  with  different 
constants  represented  by  the  junctions  of  different  kinds  of  spirals, 
can  be  beautifully  demonstrated. 

Thus,  the  problems  of  the  line  phenomena  are  exactly 
similar  to  those  usually  found  in  the  text  books  of  acoustics,  the 
explanations  and  the  conclusions  for  the  mechanical  cases  being 
at  once  applicable  to  cases  electrical.  In  proposing  the  above 
analogue,  we  have  not  mentioned  the  resistance  and  the  leakage 
■conductance  of  the  line,  but  they  are  easily  taken  into  account  by 
supposing  that  there  is  some  amount  of  friction  between  the  spiral 
and  the  solid  smface  on  which  it  rests  or  the  fluid  in  which  it  is 
immersed,  which  is  proportional  to  the  velocity;  and  by  supposing 
that  the  elements  of  the  spiral  are  connected  by  friction  junctions 
which  permit  a  slipping  between  neighboring  elements,  the  velo- 
city of  the  slipping  being  proportional  to  the  force  at  that  point. 

Now  to  return  to  our  case  of  induction  by  a  thunder  cloud, 
the  state  of  things  at  the  instant  of  the  disappearance  of  the 
inducing  charge  on  the  cloud  can  be  represented  by  means  of  the 
above  analogue,   by  supposing  a  postion  of  the  spiral  spring, 
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corresponding  to  that  portion  of  the  transmission  line  which  has 
the  induced  charge,  is  stretched  as  shown  in  Fig.  4,  and  then 
suddenly  set  free.  The  traveling  of  the  stretch  towards  right  and 
left,  gives  us  a  vivid  mental  picture  of  the  starting  of  the  traveling 
waves  of  the  charge  and  therefore  of  the  potential  in  both 
directions,  the  height  of  these  two  waves  being  one  half  of  the 
original  distribution,  as  shown  in  Fig.  5. 


Fig.5. 


These  traveling  waves  arrive  at  both  the  terminals  of  the 
line,  whence  they  are  reflected  back  according  to  the  conditions  of 
the  terminals, — partial  reflections  more  or  less  complicated  occur 
generally  on  account  of  the  apparatus  and  the  circuits  in  direct  or 
indirect  connection  with  the  transmission  line, — and  the  waves 
pass  right  and  left  repeatedly,  gradually  decreasing  in  their  height 
through  loss  of  energy  till  they  totally  subside.  This  explains  why 
the  generating  and  the  receiving  stations  are  affected  by  lightning 
discharges  that  take  place  at  a  considerable  distance  from  them. 

Let  us  next  consider  the  induction  on  a  transmission  line 
•completely  insulated  from  the  ground.  In  this  case,  equal  and 
opposite  charges  must  be  produced  on  the  line,  of  which  the 
negative  distribution  is  of  course  in  the  part  immediately  facing 
the  inducing  cloud,  while  only  a  small  fraction  of  the  positive 
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charge  resides  in  the  same  part,  the  main  portion  of  it  being 
distributed  in  the  remaining  part  of  the  line,  as  shown  diagra- 
matically  with  Faraday  tubus  in  Fig.  6. 
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Fig.  8. 

The  sudden  disappearance  of  the  inducing  charge  leaves  on 
the  line  such  distributions  of  the  negative  and  positive  charges  as 
appear  in  Fig.  7,  the  negative  being  concentrated  in  a  short 
length  and  the  positive  being  distributed  with  considerably  less 
density  on  the  remaining  part  of  the  line  and  the  apparatus 
connected  with  it.  As  in  the  former  case,  this  distribution  of  the 
charge  and  therefore  of  the  potential,  as  shown  in  Fig.  8,  instantly 
starts  two  traveling  waves,  one  in  each  direction,  the  height  of  the 
waves  being  one  half  of  the  original  distribution. 

The  most  remarkable  thing  in  connection  with  induction  by 
a  thunder  cloud  is  the  concentration  of  the  induced  negative 


The  Protective  Action  of  the  Giound  Wire. 


or 


charge  and  the  consequent  negative  potential,  the  scene  of  the 
considerable  rise  of  the  latter  being  usually  1000  to  5000  feet  in 
extent  at  most. 

It  is  not  the  object  of  the  present  paper  to  discuss  the 
protective  action  of  the  ground  wire  against  direct  strokes  of 
lightning  but  to  explain  what  part  it  plays  in  diminishing  the 
potential  rise  caused  by  the  induction  of  the  thunder  cloud  and 
the  height  of  the  traveling  waves  thereby  produced. 

In  truth,  it  is  this  inductive  action  and  not  the  direct  stroke 
that  a  transmission  line  most  frequently  experiences. 


Chapter.  II. 

The  Shielding  Action  of  the  Ground  Wire  against 
Induction  by  Thunder  Clouds. 

By  the  use  of  the  ground  wire  the  amount  of  the  induced: 
negative  charge  on  a  transmission  line  is  diminished  by  the 
following  reason.  For  the  sake  of  the  simplicity  of  the  formulae 
and  the  calculations,  let  us  consider  a  simple  line  such  as  is  shown 
in  Fig.  0,  consisting  of  two  parallel  cylindrical  conductors  at  the 
same  height  above  the  ground.  In  practice  such  a  simple  line 
would  be  rare,  except  with  Thury's  system  of  direct  current 
transmission,  but  it  is  hoped  the  results  of  the  calculations  for  this 
simple  case  may  suffice  to  give  a  general  idea  of  the  magnitudes  of 
the  various  effects  produced  by  the  presence  of  the  ground  wire. 

Let  the  diameter  of  the  conductors  be  d  cm,  their  height 
above  the  ground  h  cm,  the  axial  distance  between  them  D  cm,, 
and  let  the  line  have  grounded  neutral. 
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First  let  us  consider  the 
induction  when  we  have  no 
ground  wire. 


Fig.  0. 


'?//////// 


If  there  were  no  conductors 
whatever  above  the  ground,  the 
Faraday  tubes  which  start  in  the 
thunder  cloud  and  end  on  the 
earth  would  produce  a  distribu- 
tion of  negative  charge  on  the 
earth's  surface,  and  if  we  take 


the  earth  as  conducting,  the  Faraday  lubes  may  be  taken  to  be 
everywhere  normal  to  the  earth's  surface  at  all  points  not  very 
distant  from  the  ground.  Consequently  the  potential  of  a 
point  at  the  height  of  h  cm  above  the  ground  may  be  expressed 


where  k  is  a  constant  of  the  locality,  and  in  truth  it  is  no  other 
than  the  electric  intensity  itself;  V  and  k  are  in  electrostatic  units. 

Now  suppose  such  a  simple  grounded  transmission  line  as  is 
shown  in  Fig.  9  is  brought  to  this  place,  and  let  us  consider  the 
•change  of  the  electric  distribution  thereby  produced.  Let  q  be 
the  induced  charge  per  unit  length  of  each  of  the  conductors. 
Since  the  two  conductors  my  be  taken  as  similarly  situated  with 
respect  to  the  cloud  and  the  earth,  they  must  be  equally  charged 
•by  induction.  On  account  of  the  great  distance  of  the  induc- 
ing cloud  from  the  conductors  and  the  ground,  we  may  take 
the  distribution  in  the  cloud  as  not  at  all  affected  by  the 
introduction  of  the  transmission  line,  hence  the  distribu- 
tion on  the  ground  must  be  the  superposition  of  the  distribu- 


by, 


V  =  U, 
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tion  when  there  were  no 
conductors,  (which  we  shall 
call  'distribution  No.  1'),  and 
the  distribution  when  there 
is  no  thunder  cloud  but  only 
the  said  transmission  line 
with  q  per  unit  length  of  each 

///////%/'/////>///////%////////    conductOT  (which  we  slia11  cal1 

'distribution  No.  2'). 

The  potential  at  the  con- 
ductors due  to  distribution 
No.  1  and  the  thunder  cloud  is, 

v  n, 

as  already  explained,  and  that 
clue  to  distribution  No.  2  and 
q  is  easily   obtained  by  the 


Fig.  10. 

well  known  method  of  electrical  image. 

Thus  the  potential  of  the  line  is  expressed  by, 


V  =  ft*  +  2?log  4ff  +  2q  log  ^i  +  M  =  o. 

It  is  zero  because  the  line  is  supposed  to  have  grounded  neutral. 
From  this  we  have, 


kh 


1 


4h  VD'J  +  4//--' 


log 


(1) 


dD 


and  the  charge  per  unit  length  of  the  transmission  line — i.  c.  the 
two  conductors  taken  together — is 

Jch 


2q  = 


dD 


(2) 
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Next,  let  a  ground  wire,  d'  cm  in  diameter,  be  added  above 
tbe  middle  of  the  line  conductors  as  indicated  in  Fig.  11,  and 
consider  tbe  induced  charge  on  tbe  line  for  this  case.  Let  tbe 
induced  cbarge  per  unit  lengtb  of  tbe  ground  wire  be  denoted  by 
</',  then  for  tbe  same  reason  as  in  tbe  preceding  case,  tbe  distribu- 
tion on  the  ground  is  the  superposition  of  tbe  aforesaid  distribu- 
tion No.  1,  and  tbe  distribution  when  tbere  is  no  thunder  cloud 
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but  only  these  three  conductors, 
with  q  per  unit  lengtb  of  the 
line  conductors  and  q  per  unit 
lengtb  of  tbe  ground  wire. 
Therefore,  again  adopting  the 
method  of  electrial  image,  Ave  can 
express  V  and  V,  tbe  potential 
of  tbe  line  and  tbe  ground  wire 
respectively,  as  follows :  — 

F=U  +  2,logi^  +  2(Zlog^JlM 


+  2q'  log^  — ==  =  0 


+  E* 


V  =  Jc(h  +  E)  +  2q'\oz 


4(/i  +  E) 
d' 


+  4q  log 


J1 


J- 


~4~ 


=  0 


From  these  two  we  have  the 
charge  per  unit  length  of  the 
line,  that  is  tbe  two  conductors 
taken  together, 
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—  -(h+E)  los —  

2ff=-Jfc   p  (3) 

r1     4(7i  +  E).     jWW+W  -T+C2/i+E)^ 

\  / 

(in  electrostatic  unit.) 
To  compare  this  with  (2)  which  is  for  the  case  without  ground 
wire,  and  to  give  a  definite  idea  of  the  effect  of  the  presence  of  it, 
Ave  take  such  a  numerical  example  as  the  following:  — 

d  =  1.5  em, 
d'  =  1  cm, 
h  =  1000  cm, 
D  =   200  cm,  . 
E  =   173  cm, 

(three  wires  at  the  corners  of  an  equilateral  triangle). 
By  (2)  we  calculate, 

2q  =  -  fc  98.8, 

and  from  (3)  we  get, 

2q  =  —k  75.6. 

Thus  we  see  that  by  adding  the  ground  wire  we  can  reduce 
the  induced  charge  by  23  per  cent. 

Chapter  III. 

The  Increase  of  Ihe  Electrostatic  Capacity  by  the  Ground  Wire. 

The  potential  of  the  transmission  line  at  the  moment 
immediately  following  the  discharge  of  the  inducing  cloud  is 
obtained  by  dividing  the  induced  charge  per  unit  length  of  the 
line  by  its  electrostatic  capacity  per  unit  length ;  thus  for  the  same 
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amount  of  the  induced  charge,  a  line  with  a  larger  capacity  would 
acquire  a  lower  potential.  We  shall  now  explain  the  increase  of 
the  line  capacity  caused  by  the  presence  of  the  ground  wire. 

Taking  up  again  the  simple  transmission  line  of  Fig.  (J 
consisting  of  two  conductors  at  the  same  height  above  the  ground, 
if  we  give  the  charge  q  per  unit  length  to  each  of  the  line  conduc- 
tors, their  potential  will  he,  by  the  principle  of  electrical  image, 


1  =  2tflOo'-^-  +  2?log  ^  . 

The  capacity  per  unit  length  of  the  line,  that  is  the  two  conductors 
taken  together,  therefore  is, 

l08  dD  

Next,  add  the  ground  wire  in  the  position  indicated  in 
Fig.  11,  and  give  the  charge  q  per  unit  length  to  each  of  the  line 
conductors;  then  their  potentials  will  be,  by  the  principle  of 
electrical  image  again, 


V  =  2q\og~  +  1q  log  ^  »  ™  +  2q'  log 
and  that  of  the  ground  wire, 


Mh+E) 


J^  +  ^h+Ef 


V  =  22'log  ^-^  +  4glog    =  0 

Eliminating  q  between  these  two  equations,  we  have, 

2q  1  fK\ 
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This  is  the  capacity  per  unit  length  of  the  line  (that  is  the  two 
conductors  taken  together),  as  increased  by  the  presence  of  the 
ground  wire,  as  may  be  seen  by  comparing  it  with  (4). 

Substituting  again  the  numerical  values  as  adopted  before,  we 
obtain  from  (4)  and  (5), 

C  =  0.099, 
C  =  0.114. 

The  ratio  is, 

0.114  . 
0.099      1-1  ' 

that  is,  for  the  same  amount  of  charge  per  unit  length,  the 
potential  of  the  line  conductors  will  be  only 


times  its  value  without  the  ground  wire. 

Now,  as  explained  in  the  preceding  chapter,  the  induced 
charge  is  decreased  to  77  percent  in  virtue  of  the  ground  wire; 
thus,  the  result  of  these  two  actions,  the  increasing  of  the  capacity 
and  the  screening,  is  that  the  potential  of  the  line  at  the  instant 
immediately  after  the  discharge  of  the  inducing  cloud  is  only, 

0.86x0.77  =  0.66 
times  the  value  without  the  ground  wire. 

We  wish  to  emphasize  this  fact,  viz.,  that  the  part  played  by 
the  increase  of  capacity  in  diminishing  the  height  of  the  distri- 
bution of  the  potential  is  not  much  less  important  than  that  of  the 
screening. 

Chapter  IV. 

The  Ground  Wire  as  a  Short-Circuiled  Secondary. 

The  distribution  of  electric  potential  on  the  transmission  line 
as  diminished  in  its  height  by  these  two  actions  of  the  ground 
wire  as  described  above,  will  now  propagate  in  both  directions  as 
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traveling  waves,  and  then  begins  the  damping  action  of  the  ground 


To  make  the  ground  wire  most  effective  in  this  action  as  well 
as  for  protection  against  direct  strokes,  it  is  essential  that  it  be 
effectively  grounded  at  as  many  poles  as  possible.  If  tower 
construction  is  adopted,  grounding  at  every  tower  is  recommended. 

To  investigate  the  effect  of  the  presence  of  the  short-circuited 
secondary  upon  the  effective  inductance  and  the  effective  resistance 
of  the  line,  let  us  consider  two  circuits  with  the  same  number  of 
turns  inductively  related  to  each  other  and  r,  and  r,  in  resistance 
respectively. 

If  L,  and  L2  be  the  total  self-inductance  of  these  two  circuits, 
we  may  divide  Lj  into  L^—M—l^  and  M,  and  L2  into  L2—M=l<1 
and  3/,  where  M  is  the  mutual  inductance,  and  take  instead  of  the 
given  circuits  such  an  equivalent  system  as  that  shown  in  Fig.  12, 


wire  as  a  short-circuited  secondary  to  the  line. 


r, 

AAAA 


I  =  L;-M 


AAAA 


Fig.  12. 


mm> — 1 


M 


in  which  the  coils 
MM  are  supposed 
to  have  an  equal 
number  of  turns 
and  are  upon  a 
magnetic  circuit 
without  leakage, 
with  the  mutual 
inductance  M  be- 


tween them. 

As    is  well 


mrsr- — 

l,=  L,-M 


Fig.  13. 


AAAA 


known,  this  may 
be  replaced  with 
a  simpler  equival- 
ent in  Fig.  13. 
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If  e1  be  the  impressed  electromotive  force  at  the  terminals  of 
the  first  circuit,  we  have 

r*+I^+MAjat=<*  <6> 

.  .  7  di,     ,  T  d  (L  —it)  ,  „  x 

and  from  this, 

J[Jf(/1+y+W^+[M(r1+rO+r1t+r,y-^+W>  (M  +  Q^+r,e,. 

Looking  at  this  equation,  it  is  quite  evident  that  such  a 
system  can  not  be  represented  by  an  equivalent  consisting  of  an 
effective  resistance  and  an  effective  inductance,  which  is  correct 
for  any  kind  of  impressed  electromotive  force.  But  if  we  put 
r2=0,  the  equation  reduces  to, 

Ml,  \  dix 


.     ( ,      Ml,  \  diY 


Therefore,  in  such  a  case  we  can  replace  the  two  given  circuits 
with  a  resistance  r,  and  an  inductance 

,  ,  Ml, 


M  +  l, 

in  series;  that  is,  the  effect  of  the  presence  of  the  second  circuit 
can  be  represented  by  the  decrease  of  the  inductance  of  the  first 
circuit  by  the  amount 

 (8) 

And  the  current  in  the  second  circuit  is,  from  (7) 

^if+r1  (9) 

If  we  denote  the  inductance  and  the  resistance  per  unit 
length  of  the  transmission  line  (all  wires  taken  together)  by 
Lx  and  r„  and  those  of  the  ground  wire  by  L2  and  rs  respectively, 
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the  case  is  no  other  than  that  of  Fig.  12,  and  therefore  of  Fig.  13 ; 
the  effect  of  the  presence  of  the  ground  wire  cannot  be  represented 
simply  by  the  change  of  the  effective  resistance  and  inductance,  as- 
explained  above.  But  if  r,  he  very  small  compared  with  L.,,  we 
may  represent  the  effect  approximately  by  a  decrease  of  the 
effective  inductance  and  an  increase  of  the  effective  resistance  as 
follows. 

Firstly,  since  r.2  is  small  compased  with  /,,  we  neglect  it  and 
take  our  case  to  be  that  of  (<S),  that  is,  the  inductance  of  the  line- 
is  considered  as  diminished  from  />,  =  /, +  to 

v-^ifa   (,0> 

The  current  through  the  secondary  circuit  is  taken  to  be 
approximately  as  shown  by  (0),  and  then  the  change  of  the 
effective  resistance  is  calculated  from  the  ohmic  loss  in  this  way;  — 
since  the  loss  in  ra  must  be, 

the  increase  of  the  effective  resistance  to  i,  caused  by  this  must  be 
(see  Fig.  13), 

*-*-GS£  ™ 

We  consider  such  an  increment  of  the  effective  resistance  is  given 
to  ru 

To  represent  the  effect  of  the  presence  of  the  ground  wire- 
simply  by  the  decrease  of  i/,  to  L/  and  the  increase  of  r,  to  + 
is  only  an  approximation,  as  was  said  above;  but  we  hope  it  may 
serve  to  give  an  idea  of  the  magnitude  of  the  damping  action. 

We  assume  that  the  grounding  of  the  ground  wire  is  effected 
so  frequently  that  the  resistance  and  inductance  of  the  ground' 
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■connections  can  be  neglected  in  the  following  calculations. 

According  to  Heaviside's  formula,  as  is  given  on  p.  101, 
Vol.  1  of  the  collection  of  his  papers,  the  inductance  per  unit 
[length  of  a  single  overhead  wire  with  earth  return  is, 





and  the  mutual  inductance  between  two  parallel  conductors,  with 
earth  return  each  fe,  and  h2  in  heigbt  above  the  ground  and  D,,  in 
the  horizontal  distance,  is 

M  =  log  +  W    (13) 

In  a  case  where  the  current  varies  so  rapidly  that  it  can  be  taken 
as  concentrated  on  the  surface  of  the  conductors,  we  have  to  change 
(12) into 

L  =  -l\oZ^-  (14) 

Since  in  our  case  of  the  traveling  wave  the  charge  equal  and 
opposite  in  sign  to  that  on  the  conductors  progresses  along  the 
earth's  -urface,  we  are  justified  to  adopt  these  formulae  for  the 
calculation  of  the  self-and  the  mutual  inductance.  The  inductance 
of  our  simple  transmission  line  consisting  of  two  parallel  conductors 
d  cm  in  diameter  and  D  cm  in  axial  distance  and  at  the  height  of 
h  cm  above  the  ground,  is  easily  calculated  by  these  formulae. 
It  is,  per  unit  length  of  the  transmission  line,  the  two  conductors 
taken  together, 


E>- log      Tj  J  =  log  w   (15), 


and  the  inductance  per  unit  length  of  the  ground  wire  is, 
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(16) 


The  mutual  inductance  per  unit  length  between  the  ground  wire 
and  one  of  the'line  conductors  is, 


M  =  log 


(17) 


Since  both  the  line  conductors  are  similarly  situated  with  respect 
to  the  ground  and  the  ground  wire,  (17)  may  be  taken  as  the  mutual 
inductance  between  the  ground  wire  and  the  two  conductors  taken 
together. 


V 


D 


77777777777777777777777777777- 
Fig.  14. 

Thus  (10)  becomes 


Taking  up  again  the 
numerical  example  as  stated 
above,  we  get  the  following 
as  the  result  of  calculation  by 
the  above  formulae. 

Lx  =  10.17, 
L2  =  16.88, 
M  =  4.76, 

con  sequent]  y 

J,  =  Li-M  =  5.41, 
7,  =  L,-M=  1-2.12, 

both  in  electromagnetic  unit. 


that  is,  the  inductance  is  decreased  to 

8.83 


10.17 


=  0.87 
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times  its  former  value. 

Next,  we  have  to  compute  the  resistance;  to  do  this,  let  us 
suppose  that  the  traveling  wave  of  electric  potential  is  sinusoidal 
and  2  kilometres  in  extent,  as  in  Fig.  15.  Of  we  had  a  succession 
of  such  half  waves,  since  the  velocity  of  propagation  is  approxi- 
mately that  of  light,  the  frequency  would  be, 

,  _     3x10     _  75000  er  gec> 
J      2x2x10'  r 


Fig.  15. 


Let  us  assume  that  we  may  use  without  much  errorthe  value 
of  the  resistance  calculated  for  an  alternating  current  of  this 
frequency,  in  the  present  case  of  the  traveling  wave.  Calculated 
as  a  solid  conductor,  the  penetration  of  current  of  our  line 
conductor,  which  is  1.5  cm  in  diameter,  is  0.23  cm,  corres- 
ponding to  the  above  frequency  (see  Steinmetz's  Transient  Electric 
Phenomena^  p  377);  the  resistance  of  the  two  conductors  taken 
together  is  therefore, 

i\  =  0.0000075  ohms   (IB) 

The  ground  wire  is  supposed  to  be  a  double  galvanized 
stranded  irox  wire,  but  let  us  for  the  sake  of  simplicity  regard  it  as 
a  solid  cylinder  in  calculating  the  resistance,  and  let  us  take  the 
thickness  of  the  zinc  layer  to  be  about  .005  cm.  As  the  penetration 
of  current  of  a  zinc  cylinder  corresponding  to  the  above  frequency 
is  0.081  cm,  we  take  the  whole  thickness  of  the  zinc  as  effective 
for  carrying  current,  and  neglect  the  iron  part  entirely,  since  the 
high  permeability  of  the  latter  makes  the  penetration  extremely 
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small.    In  this  way  we  get  the  approximate  value, 

r>  =  0.0003  ohms   (19) 

Hence  (11)  becomes 

r{  =  (J|fJ^Y»-s  =  0.0000238  ohms. 

That  is  the  effective  resistance  of  the  transmission  line  is  increased 
from  r,  to 

,-,  +  ,-{  =  0.0000075  +  0.0000238  =  0.0000313, 

which  is 

0.0000313      ,  n 
0.0000075 

limes  the  former  value  of  r,. 

The  traveling  waves,  which  start  in  both  directions  after  the 

discharge  of  the  thunder  cloud,   are   attenuated  gradually  in 

their  height  by  the  loss  of  energy,  the  value  of  which  after 

traveling  through  the  distance  of  x  cm  being  £"lx  times  its  original 

value;  a  is  the  so-called  attenuation  constant,  and  is 


where  r  C  L  <j  are  the  resistance,  capacity,  inductance,  and  leakage 
conductance   per   unit    length    of    the    line  respectively  (see 
Steinmetz's  Transient  Elec.  Phenomena  p.  462). 
Since  g  is  very  small,  let  us  simplify  this  to 

Now  for  our  transmission  line,  the  line  constants,  when  there 
is  no  ground  wire,  are  as  already  given, 

i\  =  0.0000075  ohms, 
C  =  0.099  x  — L— ■ ■  x  101  farads, 

y  x  io-J 
L,  =  10.17  x  I0~9  henrys. 
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Substituting  these  in  (20),  we  have 

a  =  1.23  x  10-8  (21) 

Of  we  take  100  kilometres  as  the  total  length  of  our  trans- 
mission line,  and  assume  that  the  lightning  discharge  takes  place 
.at  about  the  middle  of  the  line,  the  traveling  wave  has  to  pass 
through  50  km  before  it  arrives  at  either  the  receiving  or  the 
sending  end.  Thus,  taking  q  as  50><105  cm,  the  height  of  the 
wave  at  its  first  arrival  at  the  end  must  be, 

£  -  at  =  £  -  I.23X  10-^X5X  10,;  =  £-6.15x10-'-'  =  .94   (-J2) 

times  its  original  value,  that  is,  it  is  reduced  by  G  per  cent. 

Now  let  us  suppose  that  the  ground  wire  is  added,  and  let  us 
regard  the  influence  of  its  presence  as  a  closed  secondary  circuit 
approximately  represented  by  the  increase  of  the  effective  resis- 
tance and  the  decrease  of  the  effective  inductance,  as  explained 
Above.  We  have  already  shown  that  the  effective  inductance  and 
resistance  become  0.87  and  4.17  times  their  former  values  without 
the  ground  wire,  while,  as  explained  in  Chapter  III,  the 
■capacity  is  multiplied  1.10  times.  The  consequence  is,  the 
attenuation  constant  is  multiplied 

4.17  J^r  =  4.83   (-23) 

V  0.87  v  ' 

times,  that  is 

£  -oCx=  £  -0.15x4.83 x  LO-a  =  o.74   (24) 

Comparing  this  with  {'22),  the  ratio  is 

e-a'a  0.74 


e-a.c  —  Q.U4 


=  0.79   (25) 


This  means  that  the  height  of  the  wave  after  it  has  traveled 
through  50  km  is  less  than  that  without  the  ground  wire,  by  as 
much  as  21  per  cent. 
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It  is  needless  to  say,  that  the  increase  of  the  attenuation; 
constant  is  effective  also  for  the  traveling  wave  caused  by  the 
direct  strope  of  lightning. 

Chapter  V. 
Summary, 

Summing  up  all  the  above,  we  may  enumerate  the  effect  of 
the  presence  of  the  ground,  wire,  as  follows;  — 

(a)  By  the  screening  action  (Chapter  II)  the  induced  charge 
becomes  only  77  per  cent  of  its  value  without  the  ground  wire. 

(b)  By  the  increase  of  capacity  (Chapter  III)  the  potential, 
after  a  lightning  discharge  ought  to  be  decreased  to  86  per  cent 
for  the  same  amount  of  induced  charge. 

(c)  If  a  wave  traveled  through  50  km,  the  height  would  be 
decreased  to  79  per  cent  of  its  value  without  the  ground  wire,  for 
the  same  original  value. 

Since  (a)  and  (b)  occur  at  the  same  time,  the  potential 
immediately  after  the  lightning  discharge  is  diminished  to 

0.77x0.86  =  0.66 
times  the  value  without  the  ground  wire. 

And  if  we  consider  the  height  of  the  traveling  wave  after  it 
has  traveled  through  50  km,  the  decrease  is  to 

0.77  x0.86x0.79  =  0.52   (26) 

times  the  value  when  no  ground  wire  is  used  that  is,  we  obtain 
the  remarkable  decrese  of  48  per  cent. 

This  numerical  example  shows  clearly  the  effectiveness  of  the 
ground  wire;  above  all,  we  wish  to  point  out  that  the  effects  of 
the  increases  of  capacity  and  attenuation  constant  are  by  no 
means  inconsiderable. 
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Chapter  VI. 


Insulated  Transmission  Line. 


In  Chapters  II  and  V  we  have  considered  a  transmission  line 
with  grounded  neutral;  we  now  proceed  to  investigate  one  without 
grounding. 

In  treating  the  inducing  action  of  thunder  clouds  on  an 
insulated  line,  even  some  of  the  most  eminent  engineers  consider 
the  leakage  over  the  insulators  as  a  necessary  condition ;  but  the 
following  will  clear  up  such  an  erroneous  conception  and  explain 
that  such  leakage  is  by  no  means  necessary  for  the  appearance  of 
the  induced  charge. 

We  take  up  again  our  simple  transmission  line  with  a  ground 
wire  as  in  Fig.  16,  and  suppose  the  line  is  nowhere  grounded ; 
then  the  potential  of  the  line  and  the  ground  wire  may  be  expres- 
sed as, 


V  =  lh  +  2q\og 


4h 
d 


+  2glog 


VP-  +  4Jr 
D 


+  2q'  log 


(•27) 


V  =  k(h+E)+2q'  log 


Mh  +  E) 

d' 


+  4q  log 


J~  +  (2h  +  Ef 


=  0,  (28) 


where  q  and  q    are  the  charges  per  unit  length  of  the  line- 
conductors  and  the  ground  wire  respectively. 
Eliminating  q  between  these, 
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Qt*' 


E 


insulated 


d 

insulated 


h 


V  —  k 


2q  = 


-7777777777777777777777777777777777' 

Fig.  16. 


T)2 

h-(h+E)log  w 


1 


•+E-       2  log 


4(h  +  E) 


log  w  -llo2 


1 


//-' 


+  E- 


Mh  +  E) 


(29) 


Let  us,  for  brevity,  write  this  as, 
V-TcA 


2q  = 


B 


(29') 


where  2  q  is  the  charge  per  unit  length  of  the  transmission  line 
{two  conductors  taken  together). 

Suppose,  for  the  sake  of  simplicity,  the  distribution  of  k 
produced  by  the  thunder  cloud  is  a  sinusoidal  half  wave  2Z  cm 
in  extent  as  indicated  in  Fig.  17,  and  let  its  maximum  value  at 
the  middle  be  K,  then 

Jc  =  K  cos  (o  z,   (30) 
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where  z  is  the  distance  from  the  middle  point,  and  <"  = 
Substituting  this  in  (29)  and  integrating,  we  get, 

Q  =  2j'"*2qdz  =  ij  2W~(V-AE  cos  toz)dz  =  -^VZ-^^t...(B\) 
'o  'o 

which  is  the  total  electric  charge  induced  in  the  whole  region  2Z. 

If  we  consider 
the  remaining  part 
of  the  line  outside- 
of  2Z  as  wholly 
out  of  the  influ- 
ence of  the  cloud, 
F,9  17-  th e  induced  charge- 

per  unit  length  of  that  part  must  be  the  product  of  this  potential 
V,  which  is,  of  course,  canstant  everywhere  on  the  line,  and  the- 
capacity  given  by  the  equation  (5). 
Therefore  the  total  charge  outside  of  2Z  must  be, 

Q'=V  p  


loS  Tn  -TW- 


+  /log— ^ 
x  (S-2Z)  =  F(tS~2Z)  ,    (38V 

and  since  the  line  is  insulated  from  the  ground,  we  must  have.. 

Q  +  Q'  =  0. 

Thus,  from  (30)  and  (32), 
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that  is, 


V=1AK*Z  (33) 


By  putting  k  =  K,  and  using  V  of  (33),  in  the  equation  (29), 
we  obtain  the  charge  at  the  middle  of  2Z,  where  the  charge  and 
therefore  the  potential  after  the  discharge  of  the  cloud  are 
maxima;  it  is 


0  KA  (.     -I  2Z  \ 


h-(h+E)  log  D 

=  -k  — — &  y~  x11_^t) 

loS  7m  lof" 


1 


dD  V"*       D-  4(h  +  E) 


2h  log  j,          (h  +  E)  log  — w  


/_    2  2Z\ 


Comparing  this  with  (3)  of  Chap.  II,  we  see  that  it  is 

(>-£-¥) 

times  that  for  the  case  of  a  grounded  transmission  line. 

Next,  let  there  be  no  ground  wire.    Starting  with  the  two 
-equations 


p-a+ajkn^+ajiogi^l*:  m 
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V  =  A(7t-f  E)  +  4glog 


=  0, 


(36) 


and  proceeding  as  we  have  done  above,  using  the  capacity  given 
by  (4),  we  get  the  following  result, 


times  that  of  the  case  of  the  grounded  line. 

These  equations  (34)  and  (37)  inform  us  that,  with  respect  to 
the  ratio  showing  the  screening  action  of  the  ground  wire  against 
the  induction  by  the  thunder  cloud,  there  is  no  difference  between 
the  grounded  and  the  insulated  transmission  line.  As  to  the  ratio 
which  shows  the  decrease  of  potential  due  to  the  increase  of  the 
■capacity  by  the  presence  of  the  ground  wire,  and  the  ratio  which 
shows  the  decrease  of  the  wave  height  on  its  arrival  at  the  end  due 
to  the  increased  attenuation  constant,  they  are  evidently  the  same 
for  both  cases. 

Thus,  the  whole  of  Chapter  V  holds  good  for  both  the 
grounded  and  the  insulated  line. 

The  difference  lies  in  this,  that  the  induced  charge,  and 
therefore  the  potential  after  the  lightning  discharge,  for  the 
insulated  line,  is 


(37) 


Comparing  this  with  (3)  of  Chapter  II,  we  see  that  it  is 


times  that  of  the  grounded. 
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But  a  great  number  of  experiences  shows  us  that  2Z,  the 
extent  of  the  distribution  of  the  induced  charge,  is  remarkably 
limited,  being  1000  to  5000  ft  generally;  if  we  take  2Z  =  2  km 
and  S,  the  total  distance  of  transmission,  as  100  km, 

1  -1.  ^-0.987, 
It  o 

or  very  nearly  unity.     Besides,   if  we   take   account  of  the 

capacities  of  the  transformers,  etc.  at  the  ends  of  the  line,  which 

2Z 

we  have  neglected  in  the  above,  this  —g—  has  to  be  considerably 
diminished  from  the  actual  ratio  of  the  lengths,  and  consequently 
the  above  number  ought  to  be  much  nearer  to  unity. 

Hence  we  may  conclude  as  follows ;— Comparing  the  grounded 
and  the  insulated  transmission  line,  the  protection  which  is 
afforded  by  the  presence  of  a  ground  wire  is  nearly  the  same  for 
both  cases. 
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The  ferment  process  of  hydrolysing  fats  on  an  industrial  scale 
was  suggested  by  Connstein,  Hoyer  and  Wartenburg',  whose 
method  consisted  in  triturating  a  quantity  of  the  crushed  castor 
seed  with  the  oil  or  fat,  together  with  acidified  water.  This 
method  however  did  not  meet  with  extended  application,  on 
account  of  the  inferior  quality  of  the  product  and  also  of  the  loss  of 
considerable  quantities  of  fatty  matter  by  the  formation  of  a  mixed 
layer  consisting  of  castor  seed,  fatty  matter  and  glycerine.  As  the 
impurities  in  the  products  obtained  by  this  method  are  undoubtedly 
derived  from  the  castor  seed  used,  it  becomes  necessary  to  isolate 
the  lipase  from  the  castor  seeds.  It  has  however  been  shown  by 
several  investigators  that  no  solution  of  the  lipase  can  be  obtained 
by  extraction  with  solvents,  the  enzyme  being  insoluble  in  the 
latter.  Practically  all  the  attempts  hitherto  made  to  isolate  a  pure 
lipase  have  proved  unsuccessful. 

Much  attention  has  been  devoted  to  obtaining  the  active 
preparation  in  a  purer  and  more  concentrated  form  than  the  seeds 
themselves,  and  several  methods  have  been  devised  for  the 
purpose.    Kicloux"  has  patented  a  preparation  of  an  "extract" 


1  Connstein,  Hoyer  and  Wartenhuri,' ;  Ber.  Deutsch.  chein.  Ges.,  1902,  3988— 400G. 
*  Xicloux  ;  Eng.  Pat.  8304,  19C4. 
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made  by  triturating  crushed  castor  seed  with  castor  or  cotton  seed 
oil,  filtering  the  mass  through  a  fine  silk  gauze  and  subjecting  the 
resulting  oily  extract  to  centrifugal  force.  Hover'  has  obtained  an 
active  product  in  the  form  of  an  emulsion  which  he  terms 
'"ferment  oil,"  by  extracting  the  crushed  castor  seed  with  a 
solvent  for  oils.  This  turbid  product,  consisting  of  a  mixture  of 
castor  oil  and  protoplasma,  is  very  active  in  the  presence  of  dilute 
acid.  He'2  has  also  prepared  an  active  creamy  substance  consisting 
<»f  about  38  per  cent,  of  ricinolcic  acid,  4  per  cent,  of  proteids  and  58 
per  cent,  of  water,  by  treating  the  crushed  castor  seeds  with  water, 
and  leaving  it  to  ferment.  This  lipolytic  agent  is  termed  "ferment" 
by  him,  and  it  is  at  present  being  manufactured  in  marketable 
quantities.  The  active  product,  however,  rapidly  loses  its  lipolytic 
power  on  keeping,  and,  moreover,  the  glycerine  resulting  from  its 
use  contains  impurities  derived  from  the  "  ferment." 

The  writer3  showed  decidedly  in  his  previous  communication 
that  the  acid  added  to  the  resting  seed  of  the  castor  oil  plant  in  its 
optimum  quantity  is  useful  for  developing  lipase  from  its  zymogen, 
but  not  for  acidifying  the  lipolytic  medium,  and  that  the  actual 
lipase  is  most  active  in  a  neutral  medium,  and  less  active  in  the 
presence  of  free  acid,  especially  mineral  acid.  The  author  also 
found  that  an  insoluble  residue  obtained  by  treating  pressed  castor 
seed  with  a  proper  amount  of  acid,  and  then  washing  with  water 
until  the  residue  was  free  from  soluble  matter,  had  in  high  degree 
the  power  of  hydrolysing  fats  without  the  use  of  any  acid. 

From  these  results  the  author  undertook  to  prepare  an  active 
product  in  a  convenient  form  from  castor  seeds.    At  first  he  found 


1  Hoycr ;  Seifenfabrikant,  1907,  253. 

'-'  Hoyer  ;  ibid.,  1907,  304. 

8  Y.  Tanaka  ;  this  Jour.,  1910,  Vol.  V.,  25. 
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it  necessary  to  determine  the  condition,  under  which  the  zymogen 
of  lipase  is  most  favourably  activated. 

Experimental. 

Conditions  most  favourable  to  the  Conversion  of  Zymogen 
into  Active  Lipase. 

To  determine  what  conditions  were  most  favourable  to  the 
•conversion  of  zymogen  into  active  lipase,  the  author  undertook  to 
investigate  the  influence  of  the  quantity  of  acid,  necessary  to 
digest  the  pressed  castor  seed  and  the  influence  of  the  time  and 
temperature  of  the  digestion,  on  the  activity  of  the  resulting  lipase. 

(a)    Influence  of  the  Quantity  of  the  Digesting  Acid. 
To  determine  the  optimum  amount  of  acid,   by  which  the 
zymogen  of  lipase  may  be  most  favourably  developed,  the  author 
prepared  the  lipolytic  substance  according  to  the  following  method 
and  compared  the  activities. 

Experiment  1. 

Two  grams  of  pressed  castor  seed  were  triturated  with  different 
amounts  of  sulphuric  acid  for  twenty  minutes  at  ordinary 
temperature  and  then  filtered  and  thoroughly  washed: 


No.  of  lipolytic 
substance. 

Grams  of  pressed 
castor  seeds. 

C.c.  of  N/10 
sulphuric  acid. 

C  c.  of  water 
added. 

(1) 

2 

G 

8 

(2) 

2 

8 

6 

(3) 

2 

10 

4 

(4) 

2 

10 

10 

(5) 

2 

12 

0 

(6) 

2 

14 

0 
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The  washed  residue  obtained  from  the  above  was  rubbed  up 
with  thirty  grams  of  soja  bean  oil,  together  with  about  5  c.c.  of 
water  and  allowed  to  hydrolyse  at  35°C.  The  amounts  of 
decomposition  effected  in  one  and  three  hours  were  determined: 


No.  of  lipolytic 

Per  cent,  of  oil  decomposed  in 

substance. 

one  hour. 

three  hours. 

(1) 

22.0 

42.5 

(2) 

26.7 

55.7  . 

(3) 

36.G 

61.5 

(4) 

36.4 

61.9 

(5) 

32.5 

54.8 

(6) 

21.5 

41.3 

These  figures  show  that  the  activity  of  the  liberated  lipase 
depends  upon  the  absolute  quantity  of  the  acid  used,  but  not  on 
its  concentration,  a  fact  which  was  observed  in  the  hydrolysis  of  oil 
with  the  original  pressed  castor  seeds.  The  optimum  quantity  of 
the  digesting  acid  which  activates  the  zymogen  most  favourably 
into  lipase  is  5  c.c  of  N/10  strength  for  each  gram  of  the  pressed 
castor  seeds. 

This  optimum  of  the  acid  is  larger  than  that  required  in  the 
hydrolysis  of  oil  by  the  original  pressed  castor  seeds,  as  has  been 
shown  in  the  previous  communication.  It  seems  probable  that  as 
the  excess  of  acid  is  however  subsequently  removed  by  washing- 
out  with  water,  its  inhibitory  action  does  not  show  itself.  Similar 
experiments  with  acetic  acid  yielded  analogous  results.  The 
optimum  quantity  of  acetic  acid  most  favourable  for  developing 
lipase  from  its  zymogen  was  found  to  be  G — 7  c.c.  of  N/10  acid  for 
each  gram  of  the  pressed  castor  seed  which  was  used  in  the 
present  investigation. 
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(b)    Influence  of  Time  of  Digestion. 

This  experiment  is  to  ascertain  the  influence  of  the  time  of 
digestion  on  the  activity  of  the  resulting  lipolytic  substance. 

Experiment  2. 

Two  grams  of  pressed  castor  seed  were  digested  with  10  c.c. 
of  N/10  sulphuric  acid  for  different  lengths  of  time  at  15°C,  after 
which  the  mixture  was  completely  washed  out  with  water  and  a 
pasty  mass  obtained.  Each  of  these  preparations  was  triturated 
with  30  grams  of  soja  bean  oil,  together  with  5  c.c.  of  water,  and 
allowed  to  hydrolyse  for  one  houf  at  38°C.  The  results  were  as 
follows : 


Minutes  of  digestion  in  the  preparation 
of  lipolytic  substance 

Per  cent,  of  oil  decomposed  in  one  hour. 

5 

33.5 

20 

35.0 

30 

35.5 

60 

34.9 

120 

33.0 

The  fact  that  the  time  varied  from  5  to  120  minutes  does  not 
appear  to  have  had  an  appreciable  influence  on  the  result. 


(c)    Influence  of  Temperature  of  Digestion. 
Experiment  3. 

Two  grams  of  pressed  castor  seed  were  digested  in  10  c.c.  of 
N/10  sulphuric  acid  at  different  temperatures  and  the  mixtures  were 
then  washed  free  from  soluble  matter.  The  hydrolysis  of  oil  by 
the  washed  residue  was  carried  out,  the  procedure  being  the  same 
as  above: 
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Temperature  of  digestion. 

Time  of  digestion  in  minutes. 

Per  cent,  of  oil  decomposed 
ill  iiour. 

10 — 15  L>. 

or\ 
OV 

Iv.o 

10— 15°C. 

120 

28.8 

20— 25CC. 

30 

36.G 

30— 35°C. 

30 

39.5 

30-35°C. 

60 

30.8 

35— 40°C. 

30 

34.2 

From  these  results,  it  was  found  that  the  optimum  temperature 
of  digestion,  whereby  the  most  active  preparation  was  obtained, 
was  30— 35°C. 


Preparation  of  "  Lipase  Powder." 

Based  upon  the  results  of  the  above  experiments,  the  author 
has  prepared  a  pasty  lipolytic  substance  by  treating  pressed  castor 
seed  with  the  optimum  amount  of  acid  under  the  most  suitable 
conditions  and  washing  thoroughly.  It  lias  however  two  dis- 
advantages; it  can  not  be  kept  long,  and  the  formation  of  emulsion 
with  oil  is  not  so  satisfactory  as  with  pressed  castor  seed. 

The  author  has  found  that  a  lipolytic  powder  which  is  active 
in  the  absence  of  any  acid  and  can  be  kept  for  a  long  time  without 
impairing  its  activity,  can  be  obtained  by  drying  the  active  past}r 
substance  at  low  temperatures.  This  lipolytic  product  is  termed 
"  Lipase  powder  "  by  the  author. 

The  preparation  of  the  "lipase  powder"  is  very  simple  and  is 
as  follows: 

100  grams  of  pressed  or  extracted  castor  seed  are  triturated 
with  600—700  c.c.  of  N/10  acetic  acid  (or  about  500  c.c.  of  N/10 
sulphuric  acid)  for  thirty  minutes  at  30 — 3o°C.  The  milky  mixture 
thus  obtained  is  filtered,  and  the  residue  washed  thoroughly 
with  water  and  dried  at  temperatures  not  exceeding  40°C. 
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The  "  lipase  powder  "  thus  ohtained  is  an  odourless,  tasteless, 
white  powder  and  contains  no  soluble  matter.     Its  chemical 
composition  varies  with  the  pressed  castor  seed  used.  One 
example  had  the  following  composition : 
Water 

Crude  fatty  matter  37.2  ,, 

Nitrogenous  matter  46.3  ,, 

Mineral  matter  1.2 
Non-nitrogenous  organic  matter      10.0  ,, 
Hydrolysis  of  fats  and  fatty  oils  can  be  rapidly  brought  about 
by  a  small  quantity  of  the  "lipase  powder"  in  the  presence  of 
water  alone,  as  may  be  seen  from  the  following  experiments. 

Experiment  4. 

In  typical  experiments  in  which  25  grams  of  fats  or  fatty 
oils  were  mixed  with  one  grams  of  the  "lipase  powder"  and 
8  c.c.  of  water  and  allowed  to  stand  at  38°C,  the  following 
percentages  of  oils  and  fats  were  hydrolysed  in  one  and  in  six 
hours: 


Oil  or  fat. 

Per  cent,  of  oil  or  fat  decomposed  in 

One  hour. 

Six  hours. 

Soja  bean  oil   

44.4 

81.7 

Groundnut  oil  

49.8 

84.7 

Cocoanut  oil   

40.4 

70.8 

Lard  

51.7 

85.9 

Tallow   

50.6 

84.4 

These  results  show  that  the  "lipase  powder"  has  a  stronger 
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power  of  decomposing  oils  and  fats  than  the  original  pressed  castor 
seed.  It  is  somewhat  remarkable  that  tallow  can  he  rapidly 
decomposed  by  the  ''lipase  powder"  in  a  pasty  condition  which 
can  he  brought  about  at  38°— 40°C. 

From  the  possibility  of  the  decomposition  of  fats  and  oils  with 
good  results  by  the  "lipase  powder,"  the  author  continued  to 
make  a  number  of  further  experiments  in  the  hope  that  this 
process  might  he  worked  out  technically. 

Technical  Application  of  "  Lipase  Powder." 

The  manner  of  applying  "  lipase  powder  "  in  practice  is  very 
simple.  The  "lipase  powder"  is  mixed  with  oil  and  then  a 
proper  quantity  of  water  is  added  to  the  mixture,  which  is  allowed 
to  hydrolyse  at  a  temperature  not  exceeding  40°C.  Three  or  four 
per  cent,  of  the  powder  is  enough  to  hydrolyse  about  00  per  cent, 
of  oil  in  7 — 10  hours.  The  amount  of  water  depends  upon  the 
amount  of  lipolytic  powder;  a  large  excess  of  water  affects  the 
production  of  a  satisfactory  emulsion  disadvantageous^,  whereas 
too  little  water  causes  a  rapid  accumulation  of  glycerine  which 
has  an  inhibitory  effect1  on  the  action  of  the  lipase,  causing  a 
retardation  of  the  decomposition  velocity  of  the  oil.  It  was  found 
that  the  proper  amount  of  water  was  G — 10  times  the  weight  of 
"  lipase  powder." 

When  tallow  is  to  be  hydrolysed  it  must  be  previously  melted. 
Then  the  "  lipase  powder  "  and  a  proper  quantity  of  warm  water 
are  added  when  the  fat  has  cooled  to  40°C.  The  mixture  is  stirred 
continuously,  the  working  temperature  being  preferably  38 — 40°C. 


1  See  ni  xt  communication. 
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At  the  expiration  of  the  working  period  the  mixture  is  heated 
to  a  temperature  which  keeps  it  fluid,  and  allowed  to  settle.  Two 
layers  are  formed ;  clear  fatty  acids  separate  forming  an  upper  layer, 
while  the  lower  one  is  an  emulsion  containing  ferment,  fatty 
matters  and  glycerine  water.  Heating  the  mixture  to  higher 
temperature  or  blowing  steam  through  it  causes  the  swelling  and 
gelatinisation  of  the  "  lipase  powder  "  and  makes  the  separation 
of  it  difficult.  The  fatty  acid  can  be  easily  separated.  The 
glycerine  may  be  extracted  with  water  from  the  lower  layer. 

The  practical  yields  of  the  fatty  acids  and  glycerine  to  bo 
obtained  by  the  present  method  depend  upon  the  kind  of  fats  or 
fatty  oils,  the  amount  of  the  "  lipase  powder  "  and  other  condi- 
tions. The  following  examples  show  the  yields  of  the  fatty  acids 
and  glycerine  on  the  experimental  scale. 

Experiment  5. 

Forty  grams  of  the  ''lipase  powder"  were  added  to  1000 
grams  of  tallow,  together  with  360  c.c.  of  water  and  allowed  to  act 
for  7  hours  at  .*><S°C.  At  the  expiration  of  that  time,  the  mixture 
was  warmed  to  G0°C.  Whereupon  the  fatty  acids  were  separated, 
forming  an  upper  layer.  To  the  mixture  which  remained  in  the 
lower  layer  and  consisted  of  free  fatty  acid,  ferment,  and  glycerine, 
tOO  c.c.  of  water  were  added  and  the  whole  pressed.  The  first 
glycerine  liquor  was  thus  obtained.  The  pressed  residue  was 
once  more  treated  with  400  c.c.  of  water  and  again  pressed,  and 
the  second  glycerine  liquor  was  obtained.  These  liquors  were 
subjected  to  evaporation.  The  results  may  be  seen  in  the 
following  table : 


134 


Yosliio  Tanaka : 

Yield  from  100  parts  of  tallow. 


Fatty  acid  (containing  about  13%  of  neutral  fat). 

89.0  per  cent. 

Crude  glycerine  (80%  glycerol)  

10.2  „ 

Mixture  (containing  61  %  fatty  matter)  

15.8  „ 

The  yield  of  glycerine  may  be  increased  by  allowing  more 

time  for  a  further  decomposition  of  the  tallow. 

A  similar  experiment  was  made  with  soja  bean  oil. 

Experiment  6. 

Thirty  grams  of  tin?  "  lipase  powder"  were  allowed  to  act  on 

1000  grams  of  soja  bean  oil  for  11  hours 

,   the  experimental 

conditions  being  the  same  as  before.    The  approximate  yield  from 

100  parts  of  the  oil  was  as  follows: 

Yield  from  100  parts  of  soja  bean  oil. 

Fatty  acid  (containing  about  8%  of  neutral  oil).  ... 

91.G  per  cent. 

Crude  glycerine  (80%  glycerol)  

11.0 

Mixture  (containing  53%  fatty  matter)  

10.0 

The  fatty  acids  resulting  from  this  process  are  much  lighter  in 

colour  than  those  obtained  by  other  methods  of  hydrolysis  and 
require  no  further  purification.  The  great  purity  of  the  glycerine 
liquor  makes  any  treatment,  or  expensive  evaporator,  or  other 
additional  equipment  unnecessary.  The  crude  glycerine  yielded 
has  a  pure  sweet  taste,  pale  colour,  and  is  free  from  any  unpleasant 
smell.  It  contains  only  a  small  amount  of  organic  impurity  or  trace 
of  mineral  matter,  as  is  shown  by  the  following  analysis,  the 
sample  analysed  having  been  obtained  from  lard: 
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Specific  gravity  1.2130 
Glycerol  (by  acetin  method)  77.5  per  cent. 

Mineral  matter  0.08 
Organic  impurities  (albuminoids,  etc.)        0.45  ,, 
The  crude  glycerine  gave  no  precipitate  with  silver  nitrate, 
barium  chloride  or  lead  acetate. 

The  Keeping  Quality  of  "  Lipase  Powder." 

The  keeping  quality  of  the  "  lipase  powder"  has  been  tested 
during  a  period  of  six  months.  As  can  be  seen  from  the  data 
adduced,  it  has  shown  no  appreciable  change  in  its  lipolytic 
activity  for  a  moderately  long  time. 

Experiment  7. 

Twenty-five  grams  of  soja  bean  oil  were  decomposed  by  one 
gram  of  the  "  lipase  powder  "  and  8  c.c.  of  water  at  38°C: 


Time  of  keeping  in  days. 
1 

60 
120 
180 


Per  cent,  of  oil  decomposed  in  one  hour. 


45.4 
45.0 
43.5 
40.0 


Summary. 

1.  An  active  lipolytic  powder  lias  been  prepared  by  treating 

pressed  castor  seed  with  the  optimum  amount  of  acid  under 
suitable  conditions,  completely  washing  out  all  the  soluble 
matters  with  water  and  drying  the  pasty  mass  thus  obtained. 
This  lipolytic  powder  I  call  "  Lipase  powder." 
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2.  The  optimum  temperature  of  the  digestion  in  which  the 
zymogen  of  lipase  may  be  most  favourably  developed,  is 
30-r-35°C. 

3.  The  activity  of  the  liberated  lipase  does  not  depend  upon 
the  concentration  of  the  acid  used  in  its  liberation  from  the 
zymogen,  but  upon  the  absolute  amount  of  the  acid. 

4.  The  time  of  digesting  the  zymogen  or  castor  seed  with  the 
proper  amount  of  acid  shows  little  effect  on  the  activity  of  the 
liberated  enzyme. 

5.  The  "lipase  powder''  is  an  odourless,  tasteless,  white 
powder,  containing  no  soluble  matter.  It  hydrolyses  fats  and 
fatty  oils  very  rapidly  in  the  absence  of  any  soluble  acid. 

6.  Not  only  can  the  "  lipase  powder  "  be  kept  for  a  long 
time  without  showing  an  appreciable  change  in  its  activity,  but 
the  products  of  hydrolysis  resulting  from  its  use  are  exce- 
edingly superior.  It  is,  therefore,  eminently  suitable  for 
industrial  purposes. 
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It  is  well  known  that  the  products  of  the  enzymic  reaction 
exert  a  retarding  influence  on  the  rate  of  change.  However,  the 
retarding  effect  seems  to  be  practically  confined  to  one  of  the 
products  of  change,  the  others  having  very  little  or  no  effect  on 
the  rate  of  progress.  Victor  Henri1  showed  that  the  hydrolysis 
by  invertase  is  retarded  by  fructose  but  not  by  glucose. 
E.  F.  Armstrong2  investigated  the  influence  of  the  products  upon 
the  action  of  sucroclastic  enzymes.  He  found  that  the  hydrolysis 
of  lactose  by  lactase  is  retarded  by  only  one  of  its  products  of 
action,  viz.  galactose,  but  not  by  the  other  products,  dextrose  and 
laevulose.  A.  Wohl  and  E.  Glimm3  observed  that  in  the 
hydrolysis  of  starch  by  amylase,  the  inhibiting  effect  of  maltose 
was  greater  than  that  of  dextrin.  Hence,  it  seems  probable  that 
the  retardation  of  hydrolysis  observed  in  the  action  of  lipase  on 
oil,  is  also  due  to  this  cause. 

The  present  investigation  relates  to  the  influence  of  products 
of  change  on  the  rate  of  hydrolysis  of  oil  by  lipase. 


1  V.  Henri ;  Zeit.  f.  physik,  Chem.,  1901,  194. 

2  E.  F.  Armstrong;  Jour.  Chem.  Sec,  1904,  Abst.  957. 

3  A.  Wohl  and  E.  Glimm  ;  Biocheui.  Zeits.,  1910,  349. 
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Experimental. 
Influence  of  Fatly  Acid. 

In  the  present  experiment,  (lie  influence  of  fatty  acid,  chiefly 
oleic  acid,  was  investigated. 

Experiment  1. 

Different  amounts  of  soja  bean  oil  were  hydrolysed  by  the 
"lipase  powder"  in  the  presence  of  different  amounts  of  fatty 
acid  at  38°C.    The  results  were  as  follows: 


Grams  of 
soja  )>oan 
oil. 

Grams  of 
98 %  fatty 
acid  added. 

Grams  of 
"  lipase 
powder  " 

C.c.  of 
water 
added 

Grams  of  oil 
hydrolysed  in 

Per  cent,  of  decomposed 
oil  to  the  original 
amount  of  neutral 
oil  after 

one  hour. 

two  hours. 

one  hour. 

two  hours. 

50 

0 

2 

18 

22.00 

32.50 

44.0 

G5.0 

40 

10 

2 

18 

17.73 

26.33 

44.1 

65.5 

30 

•20 

2 

18 

13.13 

20.31 

43.2 

66.8 

10 

40 

2 

18 

4.70 

7.33 

43.5 

67.9 

These  data  show  that  the  amount  of  oil  hydrolysed  is  directly 
proportional  to  the  amount  of  oil  present,  or  the  rate  of  change 
follows  the  law  of  mass  action,  even  in  the  presence  of  a  large 
.amount  of  free  fatty  acid.  This  result  proves  without  doubt  that 
the  fatty  acid  has  no  retarding  effect  upon  the  enzyme  action, 
because,  if  that  were  the  case,  it  would  lead  to  a  slowing  of  the 
reaction  greater  than  that  due  to  the  diminished  concentration  of 
the  neutral  oil. 

Influence  of  Glycerine. 

The  author  next  investigated  the  influence  of  glycerine  which 
is  also  a  product  of  the  hydrolysis  of  oil. 
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Experiment  2. 

Equal  amounts  of  soja  bean  oil  wore  hydrolysed  by  the 
"  lipase  powder"  in  the  presence  of  varied  amounts  of  glycerine 
at  38°C.  respectively,  the  results  obtained  being  the  following: 


Grains  of 

soja 
bean  oil. 

G  ranis  of 
"  lipase 
powder  " 

C.c.  of  50^ 
glycerine 
water 

C.c.  of 
water 
added. 

Per  cent,  of  oil 
decomposed  in 
one  hour. 

(a) 

25 

1 

0 

7 

42.3 

00 

25 

1 

1.0 

6 

40.0 

(•) 

25 

1 

2.0 

5 

36.5 

(d) 

25 

1 

3.0 

4 

33.5 

GO 

25 

1 

4.0 

3 

29.2 

It  is  clear  that  glycerine  has  a  inhibitory  effect  on  lipase.  In 
the  case  (e)  the  concentration  of  glycerine  in  aqueous  medium  is 
about  28.0  per  cent,  which  corresponds  to  the  concentration  of 
glycerine  liquor  to  be  obtained  when  about  80  per  cent,  of  oil  was 
decomposed. 

As  stated  in  a  previous  report,1  the  amount  of  water  in  the 
lipolytic  medium  using  a  definite  quantity  of  castor  seed  has  no 
marked  influence  on  the  action  of  lipase  in  the  initial  stage, 
provided  the  absolute  amount  of  added  acid  is  constant.  However 
there  are  later  stages  in  which  the  rate  of  change  diminishes 
owing  to  the  effect  of  the  accumulation  of  glycerine  produced. 

The  synthetic  power  of  lipase  has  been  demonstrated  by 
several  authors  and  experiments  upon  the  lipolytic  synthesis  of 
true  fats  have  been  carried  out  by  Pottevin,2  Welter,  '  Dunlap  and 


1  Y.  Tanak  i ;  this  journal,  1910,  Vol.  V.,  29. 
-  Pottevin  ;  Ann.  de  l'Inst.  Pasteur,  1900,  901 
s  Welter;  Zeitsch.  angew.  Chem..  1911,  3S.",. 
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Gilbert.'  The  reversible  action  of  lipase  can  be  recognised  as  a 
cause  of  tbc  retardation  of  hydrolysis.  But  the  experiments 
carried  out  by  the  authors  named  showed  that  the  remarkable 
synthetic  effect  was  produced  in  very  little  water.  Now,  from 
experiment  2.  wherein  marked  retardation  resulted  on  adding 
glycerine  to  the  medium  (in  which  a  sufficient  amount  of  water 
was  present)  at  the  commencement  of  the  hydrolysis,  it  seems 
probable  that  the  retardation  of  lipolytic  action  is  chiefly  due  to  a 
simple  inhibitory  effect  of  glycerine  on  lipase,  although  the  reverse 
action  of  the  enzyme  may  also  be  responsible  in  a  less  degree. 

Hence  it  is  beneficial  to  reduce  the  concentration  of  glycerine 
by  using  the  maximum  amount  of  water,  which  however  does  not 
prevent  the  formation  of  fine  emulsion  as  the  following  experi- 
ments show. 

Experiment  3. 

100  grams  of  soja  bean  oil  were  hydrolysed  at.38°C.  by  4 
grams  of  the  ''lipase  powder,"  together  with  20  c.c.  of  water. 
After  two  hours  it  was  found  that  65.2  per  cent,  of  fatty  acid  was 
produced.  Then  two  30  gram  portions  of  the  emulsified  mixture 
were  put  into  two  flasks,  to  one  of  which  4  c.c.  of  water  were 
added  and  allowed  to  hj'drolyse  further  for  one  hour.  The 
increase  of  fatty  acid  in  both  samples  was  as  follows: 


Grams  of  emulsified  mixture. 

C.c.  of  water  added. 

Per  cent,  of  increase  of  fatty 
acid  in  one  hour. 

30.0 
30.0 

4 
0 

9.0 
5.1 

1  Dun'ap  and  Gilbert;  Jour.  Amer.  Chem.  Soc.  1911,  1787. 
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It  is  discovered  also  that  the  complete  hydrolysis  of  oil  is 
easily  obtained  by  the  double  treatment  with  lipase.  For 
example,  500  giams  of  soja  bean  oil  were  hydrolysed  by  3  per  cent, 
of  the  "  lipase  powder,"  and  fatty  acid  containing  8.G  per  cent,  of 
neutral  oil  was  obtained.  This  fatty  acid,  after  the  glycerine  had 
been  completely  removed,  was  treated  again  with  4  per  cent,  of 
the  "  lipase  powder"  at  38°C.  In  four  hours  it  was  found  that 
the  neutral  oil  in  the  fatty  acid  had  been  completely  hydrolysed. 

Summary. 

The  activity  of  lipase  is  inhibited  by  glycerine,  whilst  fatty 
acid  is  almost  without  effect.  Hence  the  retardation  of  the 
enzymic  hydrolysis  of  oil  is  chiefly  attributable  to  the  inhibiting 
effect  of  glycerine  produced,  although  the  reversible  action  of 
lipase  may  also  be  regarded  as  a  less  efficient  cause.  These  results 
may  be  of  some  practical  importance.  If  the  maximum  hydrolysis 
of  oil  is  desired,  it  will  always  be  preferable  to  use  the  maximum 
amount  of  water,  which  does  not  prevent  the  production  of  a  good 
emulsion,  or  to  carry  out  the  double  treatment  with  lipase,  as 
shown  above. 

January  15,  1912. 
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 -3—  

R.  Green'  has  shown  that  a  neutral  salt  such  as  sodium 
chloride  impedes  the  action  of  lipase.  Connstein,  Hoyer,  and 
Wartenburg*,  on  the  other  hand,  has  held  that  ferrous  sulphate, 
sodium  chloride,  sodium  sulphate,  magnesium  sulphate  and 
ammonium  sulphate  has  no  effect  on  its  action.  Further, 
K.  Braun  and  E.  C.  Behrendt3  has  found  that  compounds  of 
magnesium,  alkali-metals  and  tungsten  lias  no  influence  on  the 
activity  of  lipase,  but  that  even  a  small  amounts  of  mercury, 
copper  and  iron  salts  checks  the  enzymic  activity,  while  E. 
Hoyer4  maintains  that  an  addition  of  0.15  to  0.2  per  cent,  (of  the 
weight  of  the  fat)  of  manganese  sulphate  helps  to  increase  the 
activity  of  the  enzyme. 

These  contradictory  results  appeared  to  the  present  author 
to  be  due  to  the  disturbing  influence  of  the  salts  and  protein 
substances  naturally  present  in  the  castor  seed  or  castor-seed  cake, 
and  he  has,  therefore,  undertaken  the  study  of  the  influence  of 
some  neutral  salts,  nitrogenous  matters  and  castor  seed  extract  on 
"  lipase  powder  "  which  contains  no  soluble  matter  and  is  active 
in  the  presence  of  water  alone. 

1  Green's  '  The  Soluble  Ferments  and  Fermentation,'  1901,  244. 
*-  Connstein,  etc.  ;  Ber.  Deutsuh.  chem.  G-es.,  1902,  4004. 
-1  Braun  and  Behrendt ;  Ber.  Deutsch.  chem.  Ges.,  1903,  1905. 
<  Hoyer  ;  Chem.  Centr.,  1905,  2,  582. 
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Experimental. 
Influence  of  Some  Neutral  Salts. 

At  first  the  influence  of  alkali-metal  salts  on  the  lipolysis  of 
soja  bean  oil  Avas  investigated. 

Experiment  1. 

Twenty-five  grams  of  soja  bean  oil  were  rubbed  up  with  one 
gram  of  the  "  lipase  powder, "  together  with  6  c.c.  of  water  and, 
after  adding  varying  amounts  of  alkali-metal  salts  allowed  to  stand 
for  90  minutes  at  38°C.  The  following  tables  show  the  percentage 
of  the  oil  decomposed  : 


(i)    Sodium  chloride. 


Grams  of  sodium  chloride. 

Per  cent,  of  sodium  chloride 
in  aqueous  medium. 

Per  cent,  of  oil  decomposed 
in  90  minutes. 

0 

0.2 
0.3 
0.4 
0.5 
0.6 

0 

3.3 
.  5.0 
6.7 
8.3 
10.0 

59.8 
65.3 
65.9 
64.3 
62.7 
60.9 

(ii)    Potassium  chloride. 

Grams  of  potassium  chloride. 

Per  cent,  of  potassium  chloride 
ia  aqueous  medium. 

Per  cent,  of  oil  decomposed 
in  90  minutes. 

0 

0.1 
0.2 
0.3 
0.6 
1.2 

0 

1.7 

3.3 
5.0 
10.0 
20.0 

58.6 
60.9 
63.3 
64.2 
64.0 
56.2 
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(iii)    Potassium  sulphate. 


Grams  of  potassium  sulphate. 

Per  cent,  of  potassium  sulphate 
in  aqueous  medium. 

Per  cent,  of  oil  decomposed 
in  90  minutes. 

0 

0 

58.fi 

0.1 

1.7 

62.7 

0.2 

3.3 

64.5 

0.3 

5.0 

66.8 

0.G 

10.0 

62.7 

(iv)    Lithium  chloride. 

Grains  of  lithium  chloride. 

Per  cent,  of  lithium  cldoride 
in  aqueous  medium. 

Per  cent,  of  oil  decomposed 
in  90  minutes. 

0 

0 

59.2 

0.2 

3.3 

65.1 

0.3 

5.0 

65.9 

0.5 

8.3 

59.2 

Thus  it  is  evident  that  the  lipase  greatly  increases  its 
activity  by  the  addition  of  neutral  salts  of  alkali-metals  and,  even 
with  so  high  a  concentration  as  10  per  cent,  of  the  salts  in  the 
watery  medium  their  influence  is  not  harmful. 

Experiments  with  ammonium  chloride  and  ammonium 
sulphate  gave  similar  results.  . 

Experiment  2. 

The  influence  of  some  neutral  salts  of  other  metals  on  the 
activity  of  lipase  was  also  investigated,  the  procedure  in  the 
experiments  being  analogous^to  that  given  above.  The  results  are 
shown  in  the  following  tables: 
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(i)    Magnesium  acetate. 


Grams  of  magnesium  acetate. 

Per  cent,  of  magnesium 
acetate  in  aqueous  medium. 

Per  cent,  of  oil  decomposed 
in  90  minutes 

0 

0.01 
0.02 
0.06 
0.12 

0 

0.16 
0.33 
1.00 
2.00 

59.8 
57.1 
55.6 
51.6 
45.4 

(ii)    Calcium  chloride. 

Grams  of  calcium  chloride. 

Per  cent,  of  calcium  chloride 
in  aqueous  medium 

Per  cent,  of  oil  decomposed 
in  90  minutes. 

0 

0 

59.8 

0.02 

0.33 

56.5 

0.04 

0.66 

53.2 

0.08 

1.33 

48.8 

(iii)    Manganese  sulphate. 

Grams  of  manganese  sulphate. 

Per  cent,  of  manganese 
sulphate  in  aqueous  medium. 

Per  cent,  of  oil  decomposed 
in  90  minutes. 

0 

0.025 

0.05 

0.10 

0.25 

0.30 

0 

0.41 
0.83 
1.66 
4.16 
5.00 

61.5 
64.2 
65.1 
63.9 
62.7 
60.1 

(iv)    Copper  sulphate. 

Grams  of  copper  sulphate. 

Per  ceDt.  of  copper  sulphate 
in  aqueous  medium. 

Per  cent,  of  oil  decomposed 
in  90  minutes. 

0 

0 

59.8 

0.003 

0.05 

11.7 

0.02 

0.33 

8.0 
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As  can  be  seen  from  the  table,  the  salts  of  magnesium,  calcium 
and  copper  have  an  inhibitory  influence  on  the  activity  of  lipase, 
the  retarding  effect  of  copper  sulphate  being  especially  remarkable. 
A  similar  result  was  obtained  with  the  salts  of  strontium,  barium, 
iron  and  other  heavy  metals.  That  manganese  sulphate  produces 
a  favourable  action,  as  was  found  earlier  by  Hoyer,  is  worthy 
of  remark,  while  a  concentration  of  five  per  cent,  in  aqueous 
medium  causes  a  slackening. 

These  influences  of  the  several  electrolytes  mentioned  do  not 
stand  in  relationship  to  their  absolute  quantities  nor  to  the  amount 
of  oil,  but  to  the  degree  of  their  concentration  in  aqueous  medium, 
as  is  shown  by  the  following  experiment. 

Experiment  3. 

In  this  experiment  the  influence  of  concentration  of  potassium 
chloride  and  magnesium  acetate  was  investigated,  the  procedure 
being  as  before.    The  results  were  as  follows: 

(i)    Influence  of  concentration  of  potassium  chloride. 


Grams  of 
soja  bean  oil. 

Grams  of 
"  lipase 
powder." 

C.c.  of  water 
added. 

Grams  of 
potassium 
chloride  added. 

Concentration 
of  pot.  chloride 
in  aqueous 
medium. 

Grams  of  fatty 
acid  produced 
in  {0  minutes. 

25 
25 
30 

1 

I 
1 

6.0 
10.0 
10.0 

1.2 
1.2 
1.2 

20.0 
12.0 
12.0 

13.9 
16.0 
15.8 

(ii) 

Influence 

of  concentration  of  magnesium  acetate. 

Grams  of 
soja  bean  oil. 

Grams  of 
"  lipase 
powder." 

C.c.  of  water 
added. 

Grams  of 
magnesium 
acetate  added. 

Concentration 
of  mag.  actate 
in  aqueous 
medium. 

Grams  of  fatty 
acid  produced 
in  90  minutes. 

25 
25 
30 

1 
1 
1 

6.0 
10.0 
10.0 

0.12 
0.12 
0.12 

2.0 
1.2 
1.2 

11.3 
12.6 
12.5 
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The  author  also  made  the  following  experiment  to  determine 
whether  or  not  the  presence  of  accelerating  salts  in  the  lipolytic 
medium  would  show  favourable  influence  when  sufficient  time  for 
hydrolysis  was  allowed. 

Experiment  4. 

Twenty  five  grains  of  soja  bean  oil  were  hydrolysed  with  one 
gram  of  "lipase  powder"  and  6  c.c.  of  water  with  or  without 
sodium  chloride  and  manganese  sulphate  for  six  hours  at  38°C, 
the  comparative  results  obtained  being  the  following: 


Grams  of  salt  added. 

Per  cent,  of  oil  deco7jiposed 
in  six  hours. 

Ko  salt  added   

79.5 

Sodium  chloride  0.3  

80.4 

Manganese  sulphate  0.05  .   

80.7 

This  table  shows  that  there 

is  practically 

no  difference  in  the 

results.  Hence  the  favourable  influence  exerted  by  the  neutral 
salts  of  alkali-metals  or  manganese  salts  is  noticeable  only  in  the 
earlier  stages  of  hydrolysis;  as  hydrolysis  advances,  the  influence 
of  the  accelerating  substances  ceases  to  show  itself.  Consequently 
the  utility  of  manganese  salts  in  accelerating  the  hydrolysis  of  oil 
does  not  appear  to  have  such  a  practical  importance  as  at  first 
seemed  probable. 

Influence  of  Castor  Seed  Extract  and  Some 
Nitrogenous  Matters  on  Lipase. 

That  castor  seed  extract  has  also  a  favourable  effect  on  the 
activity  of  lipase  may  be  seen  from  the  following  experiment. 
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Experiment  5. 

Two  samples  of  25  grams  each  of  soja  bean  oil  were  hydrolysed 
for  one  hour  at  38°C.  with  one  gram  of  the  ''lipase  powder," 
and  adding  7  c.c.  of  water  to  one  of  them  and  7  c.c.  of  a  castor 
seed  extract  to  the  other.  The  extract  was  made  by  triturating 
100  grams  of  the  pressed  castor  seeds  with  700  c.c.  of  water  for 
one  hour.    The  results  were  as  follows: 


Per  cent,  of  oil  decomposed 

in  one  hour. 

Without  extract   

40.5 

With  extract   

46.0 

In  another  experiment,  it  was  shown  that  the  castor  seed 
extract  itself  had  no  lipolytic  action. 

This  beneficial  effect  of  the  castor  seed  extract  seems  to  be  due 
to  the  simultaneous  effect  of  its  mineral  and  protein  matters. 

The  author  investigated  the  protein  of  castor  seed  extract  and 
isolated  a  cry  stall  isable  globulin,  a  small  proportion  of  coagulable 
albumin,  and  proteoses.  The  influence  of  the  mineral  constituents 
and  protein  matters  isolated  from  castor  seed  extract  has  next 
been  separately  studied. 

Experiment  6. 

Two  25  gram  samples  of  soja  bean  oil  were  hydrolysed  for  one 
hour  at  38°C.  by  one  gram  of  the  "  lipase  powder,"  adding  to  one 
of  them  G  c.c.  of  a  two  per  cent,  solution  of  the  globulin  dissolved 
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in  a  3  per  cent,  sodium  chloride  solution,  and  to  the  other  G  c.c  of 
the  sodium  chloride  solution  alone.    The  results  were  as  follows: 


Per  cent,  of  oil  decomposed 

in  one  hour. 

Without  globulin   

45.5 

With  globulin   

45.8 

As  can  be  seen  from  these  results,  the  globulin  dissolved  in 
dilute  saline  salution  has  little  or  no  influence  on  the  activity  of 
the  lipase. 

In  the  following  experiment  the  influence  of  coagulable 
albumin,  proteose  and  the  evaporated  dialysate  which  contains 
chiefly  phosphates,  chlorides  and  sulphates  of  alkali-metals,  was 
investigated. 

Experiment  7. 

Twenty-five  grams  of  soja  bean  oil  were  hydro lysed  by  one  gram 
of  the  "lipase  powder"  with  the  addition  of  dialysed  extract1  freed 
from  globulin,  and  evaporated  dialysate2: 


Per  cent,  of  oil  decomposed 
in  one  hour. 

With  7  c.c.  of  water  alone   

40.5 

With  7  c.c.  of  dialysed,  filtered  extracts  (albumin  &) 
p roteose  solution)   j 

48.9 

With  7  c.c.  of  dialysed,  filtered  &  boiled  extract! 
(proteose  solution)   J 

43.7 

With  7  c.c.  of  evaporated  dialysate  

42.7 

1  100  grams  of  the  pressed  castor  seed  were  triturated  with  700  c.c.  of  water  and  filtered 
through  paper.  300  c.c.  of  the  filtrate  were  dialysed  in  running  water  for  72  hours  and  filtered. 

*-'  Another  30;  c.c.  of  the  filtrate  obtained  in  the  above  were  dialysed  in  300  c.c.  of  water 
for  4S  hours.    The  dialysate  was  evaporated  up  to  100  c.c.  in  vacuo  and  used  in  the  experiment. 
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It  may  be  seen  from  tho  figures  that  coagulable  albumin 
exerts  no  influence  on  lipase,  while  proteose  and  dialysate  have  a 
beneficial  action. 

Thus,  the  favourable  action  of  castor  seed  extract  is  due  to  the 
presence  of  proteose  and  neutral  salts  of  alkali-metals  and  not 
to  globulin  or  other  coagulable  albumins. 

An  analogous  fact  was  observed  in  the  influence  of  some 
protein  substances. 

Experiment  8. 

In  the  following  series  of  experiments  fifty  grams  of  soja  bean 
oil  were  mixed  with  two  grams  of  the  "lipase  powder"  with  the 
addition  of  some  nitrogenous  matters  named,  dissolved  in  f  2  c.c. 
of  water: 


Grams  of  substance  added. 

Per  cent,  of  oil  decomposed 
in  one  hour. 

0 

41.5 

0.12 

gram 

of  leucine  

44.2 

0.12 

gram 

of  asparagine  

45.4 

0.013 

gram 

of  gelatin  

41.2 

From  these  results,  it  may  be  seen  that  the  decomposition 
products  of  protein,  such  as  lencine  and  asparagine,  have  also 
an  accelerating  effect  on  lipase,  while  gelatin  does  not  appear  to 
promote  the  lipase  action. 

Neutralised  egg  albumin  behaves  like  gelatin  in  this  respect. 


Summary. 

The  results  of  the  present  investigation  with  regard  to  the 
influence  of  neutral  salts,  some  nitrogenous  matters  and  castor 
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seed  extract  on  lipolysis,  using  the  new  "  lipase  powder  "  which 
contains  no  soluble  matter  and  acts  in  the  presence  of  water  alone, 
may  be  summarised  as  follows: 

1.  The  activity  of  lipase  is  shown  to  be  greatly  increased  by 
an  appreciable  addition  of  the  neutral  salts  of  alkali-metals,  and 
it  is  not  retarded  even  in  a  very  concentrated  salt  solution,  as 
for  example,  10  per  cent,  strength  in  the  aqueous  medium. 

2.  The  salts  of  magnesium,  calcium,  and,  especially,  copper 
exert  a  retarding  influence  on  lipase  even  when  they  are 
added  in  small  quantities.  That  manganese  salts  should 
greatly  accelerate  the  activity  of  the  enzyme,  a  fact  already 
observed  by  Hoyer,  and  confirmed  by  the  present  author,  is 
clearly  exceptional. 

3.  The  favouring  action  of  neutral  salts  of  alkali-metals  and 
manganese  is  however  manifested  only  in  the  first  phase  of 
hydrolysis:  when  the  hydrolysis  has  progressed  it  acts  no 
longer. 

4.  The  influence  of  the  added  salts  on  lipolysis  has  no- 
relationship  to  their  absolute  amount  nor  to  the  amount  of  the 
oil,  but  rather  to  their  concentration  in  the  aqueous  medium. 

5.  The  hydrolysing  power  of  lipase  is  also  shown  to  be 
remarkably  increased  by  the  addition  of  castor  seed  extract. 
This  behavior  is  ascribed  to  the  accelerating  influence  of  the 
mineral  salts  of  alkali-metals  and  proteose  contained  in  the 
extract;  globulin  and  other  coagulable  albumins  contained  also 
in  the  castor  seed  extract,  do  not  appear  to  exert  any  influence. 

6.  The  decomposition  products  of  protein,  such  as  leucine 
and  asparagine,  are  also  found  to  exert  a  pronounced  stimu- 
lative effect  on  lipase  action. 

January  15,  1012. 
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The  author  has  discovered  that  lipase  hydrolyses  oxidised  and 
polymerised  oils  more  slowly  than  the  raw  oil. 

The  Action  of  Lipase  on  Oxidised  Oil. 

The  resistance  of  insolated  oil  to  the  action  of  lipase  may  be 
seen  in  the  following  experiment. 

Experiment  1. 

Twenty-five  gram  portions  of  several  oils  which  had  been 
exposed  to  direct  sunlight  for  25  days  and  become  somewhat 
rancid,  were  severally  triturated  with  one  gram  of  pressed  castor 
seed  together  with  3.0  c.c.  of  N/10  sulphuric  acid  and  4.0  c.c.  of 
water,  and  allowed  to  hydrolyse  at  38°C.  Each  test  was  carried 
out  side  by  side  with  the  corresponding  raw  oil  and  the  amounts 
of  decomposition  effected  in  2  and  17  hours  were  determined,  with 
the  following  results.1  The  author  determined  also  the  iodine 
values  of  the  raw  and  the  insolated  oils,  which  are  also  appended: 


1  The  amount  of  oil  decomposed  was  approximately  calculated  from  the  acid  value  and  the 
mean  molecular  weight  of  the  oil  in  each  case. 
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Oil. 

Per  cent,  of  oil  decomposed  in 

Iodine  value. 

2  hours. 

17  hours. 

Tsubaki  oil   

58.7 

98.5 

81.5 

Tsubaki  oil,  exposed 

49.0 

78.8 

72.6 

Ho; a  bean  oil  

50.0 

96.0 

125.0 

Soja  bean  oil,  exposed... 

34.6 

41.2 

98.0 

Linseed  oil   

45.6 

176.0 

Linseed  oil,  exposed  ... 

12.8 

145.3 

From  these  results,  it  will  be  seen  that  fatty  oils  exposed  to  the 


it  una  ueen  unserved  oy  mam,  ocnmia,  iviayrnoier,  in  age l 
and  Scala  that  rancid  oil  contains  aldehydes  and  similar  substances. 
Hence,  the  retardation  of  the  lipolytic  hydrolysis  of  the  insolated 
oils  used  which  were  somewhat  rancid,  may  have  been  due  to  the 
presence  of  aldehydic  substances  which  were  shown  by  Connstein 
to  have  a  deleterious  influence  on  lipase.  The  following  experi- 
ment will  show  this. 

Experiment  2. 

Soja  bean  oil  exposed  to  direct  sunlight  for  25  days  was 
purified  by  distilling  with  steam  and  then  repeatedly  washing  with 
water.    25  grains  of  the  oil  thus  treated  were  decomposed  by  one 
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The  author  has  discovered  that  lipase  hydrolyses  oxidised  and 
polymerised  oils  more  slowly  than  the  raw  oil. 

The  Action  of  Lipase  on  Oxidised  Oil. 

The  resistance  of  insolated  oil  to  the  action  of  lipase  may  be 
seen  in  the  following  experiment. 


of  decomposition  eflectca  in  ~Zi  ailCl  I  i  injurs  were  ueiei xiiiiic<-i)  »»nm 
the  following  results.1  The  author  determined  also  the  iodine 
values  of  the  raw  and  the  insolated  oils,  which  are  also  appended: 


1  The  amount  of  oil  decomposed  was  approximately  calculated  from  the  acid  value  and  the 
mean  molecular  weight  of  the  oil  in  each  case. 
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Oil. 

Per  cent,  of  oil  decomposed  in 

Iodine  value. 

2  hours. 

1 7  hours. 

Tsubaki  oil   

58.7 

98.5 

81.5 

Tsubaki  oil,  exposed 

49.0 

78.8 

72.6 

Ho; a  bean  oil  

50.0 

96.0 

125.0 

Soja  bean  oil,  exposed... 

34.6 

41.2 

98.0 

Linseed  oil   

45.6 

176.0 

Linseed  oil,  exposed  ... 

12.8 

145.3 

From  these  results,  it  will  be  seen  that  fatty  oils  exposed  to  the 
atmosphere  are  decomposed  by  lipase  with  greater  difficulty  than 
their  corresponding  raw  oils.  This  is  most  marked  in  the  case  of 
drying  oils  and  decreases  through  the  classes  of  semi-drying  and 
non-drying  oils.  This  considerable  reduction  in  the  activity  of 
lipase  on  an  insolated  oil  is  always  accompanied  by  a  diminution 
of  the  iodine  value  of  the  oil. 

A  number  of  possible  causes  for  this  fact  may  be  suggested. 

It  has  been  observed  by  Marx,  Schmid,  Mayrhofer,  Nagel 
and  Scala  that  rancid  oil  contains  aldehydes  and  similar  substances. 
Hence,  the  retardation  of  the  lipolytic  hydrolysis  of  the  insolated 
oils  used  which  were  somewhat  rancid,  may  have  been  due  to  the 
presence  of  aldehydic  substances  which  were  shown  by  Connstein 
to  have  a  deleterious  influence  on  lipase.  The  following  experi- 
ment will  show  this. 

Exjicrinient  2. 

Soja  bean  oil  exposed  to  direct  sunlight  for  25  days  was 
purified  by  distilling  with  steam  and  then  repeatedly  washing  with 
water.    25  grams  of  the  oil  thus  treated  were  decomposed  by  one 
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gram  of  pressed  castor  seed  as  before,  with  the  following  result; 
the  comparative  result  with  insolated  oil  not  treated  is  also  given: 


Oil. 

Per  cent,  of  oil  decomposed 
in  two  hours. 

Exposed  soja  bean  oil   

35.0 

Exposed  soja  bean  oil,  purified   

39.0 

The  increased  hydrolysis  in  the  case  of  the  purified  oil  was 
probably  due  to  the  removal  of  aldehydic  substances  from  the  oil. 
However,  the  presence  of  aldehydic  substances  can  not  be 
recognised  as  the  only  cause  of  the  retardation  of  the  lipolytic 
action  on  the  exposed  oil,  as  is  proved  by  the  fact  that  lipolysis  of 
the  purified  exposed  oil  is  much  slower  than  that  of  the  raw  oil. 

Moreover,  further  experiments  have  shown  that,  even  an  oil 
which  had  been  exposed  to  direct  sunlight  for  a  comparatively 
short  time  and  was  not  found  to  be  rancid,  was  also  decomposed 
by  lipase  with  less  rapidity  than  the  raw  oil,  as  may  be  seen  in  the 
following  experiment. 

Experiment  S. 

Twenty-five  grams  of  soja  bean  oil  exposed  to  sunlight  for 
five  days  were  decomposed  by  one  grum  of  pressed  castor  seed  as 
before,  the  comparative  experiment  with  the  raw  oil  being  also 
carried  out;  the  following  results  were  obtained: 


Oil. 

Per  cent,  of  oil  decomposed 
in  two  hours. 

Kaw  oil 

49.8 

Exposed  oil 

40.0 
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The  author  found  also  that  a  sample  of  oil  exposed  to  the 
action  of  light  alone,  as  in  the  case  of  oil  in  a  sealed  glass  bottle, 
was  decomposed  by  lipase  as  easily  as  the  unexposed  oil,  as  may 
be  seen  in  the  following  experiment. 

Experiment  4. 

Twenty-five  grams  of  soja  bean  oil  exposed  to  sunlight  in  a 
sealed  glass  bottle  for  three  months  were  decomposed  by  one  gram 
of  pressed  castor  seed,  together  with  3  c.c.  of  N/10  sulphuric  acid 
and  4  c.c,  of  water  for  one  hour  at  38°C,  the  comparative 
experiment  with  unexposed  oil  being  carried  out  in  parallel.  The 
iodine  value  was  also  determined.  The  results  obtained  are  given 
below : 


Oil. 

Per  cent,  of  oil  de- 
composed in  one  hour. 

Iodine  value. 

Soja  bean  oil,  unexposed  

Soja  bean  oil,  exposed  to  sunlight! 
in  sealed  bottle   / 

29.3 
29.0 

12.50 
12.45 

A  similar  experiment  was  made  with  linseed  oil,  which  was 
exposed  to  sunlight  without  the  access  of  air  for  one  month  ;  the 
results  may  be  found  in  the  following  table: 

Oil. 

Per  cent,  of  oil  de- 
composed in  one  hour. 

Iodine  value. 

Linseed  oil,  unexposed   

Linseed  oil,  exposed  to  sunlight  inl 
sealed  bottle  j 

45.6 
45.8 

176.0 
176.5 

From  these  results,  it  seems  likely  that  light  alone  produces 
no  effect  on  the  chemical  composition  of  oil  and  consequently  the 
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action  of  lipase  is  unaffected  by  it.  This  result  is  in  accord  with 
Ritsert's  observation  that  the  exposure  of  oils  to  the  effect  of  light 
alone  is  incapable  of  producing  any  change. 

The  author  also  investigated  the  lipolysis  of  an  oxidised  oil, 
prepared  by  passing  a  current  of  air  through  linseed  oil  for  50  hours 
at  room  temperature,  the  procedure  being  carried  out  in  the  dark. 

Experiment  5. 

Twenty-five  grams  of  such  a  blown  oil  prepared  as  above  were 
decomposed  by  one  gram  of  pressed  castor  seed,  the  experiment 
with  raw  linseed  oil  being  also  made  for  comparison.  The  iodine 
value  was  also  determined  and  is  appended  in  the  following  table 
showing  the  results: 


Oil. 

Per  cent,  of  oil  decom- 
posed in  three  hours. 

Iodine  value. 

Kaw  linseed  oil  

Blown  linseed  oil   

58.0 
28.5 

176.0 
162.1 

These  results  show  that  lipase  acts  very  slowly  on  the  oxygen- 
absorbed  oil.  In  this  experiment,  the  decrease  in  iodine  value 
of  the  blown  oil  can  probably  not  be  ascribed  to  such  a  change  as 
polymerisation  but  rather  to  the  absorption  of  oxygen.  Although 
there  may  be  some  difference  between  the  slow  oxidation  by 
insolation  and  the  more  rapid  oxidation  by  blowing  in  air,  it 
seems  probable  that  the  effect  of  atmospheric  oxygen  on  the 
unsaturated  glycerides  is  to  produce  some  oxidised  substances 
which  are  hardly  decomposable  by  lipase,  and  light  accelerates  this 
effect  of  oxidation. 

The  author  investigated  the  iodine  and  saponification  values 
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of  the  fatty  acid  resulting  from  hydrolysing  the  blown  linseed  oil 
and  compared  them  with  those  of  the  fatty  acid  contained  in  the 
remaining  neutral  oil.  The  blown  oil  was  prepared  as  above  and 
washed  with  water,  the  "lipase  powder1"  used  being  washed  out 
with  ether  to  remove  the  fatty  matter. 


One  hundred  grams  of  the  blown  oil  were  hydrolysed  by  a 
quantity  of  the  ether-washed  "lipase  powder,"  corresponding  to 
four  grams  of  the  original  powder,  and  30  c.c.  of  water  for  five 
hours  at  38°C.  The  resulting  oil  containing  about  48%  of  free 
fatty  acid  was  treated  as  follows  to  separate  the  neutral  oil  from 
the  free  fatty  acid.  Thirty  grams  of  the  decomposed  oil  were 
dissolved  in  200  c.c.  of  petroleum  ether,  to  which  was  added 
150  c.c.  of  absolute  alcohol,  and  titrated  with  alcoholic  potash, 
using  phenolphthalein  as  indicator.  Then  were  added  equal  parts 
of  water  and  alcohol  and  shaken  to  separate  the  solution  of  soap 
in  50  percent,  alcohol  from  the  solution  of  neutral  oil  in  petroleum 
ether.  These  solutions  were  shaken  repeatedly,  the  soap  solution 
with  fresh  petroleum  ether  and  the  oil  solution  with  fresh  50  per 
cent,  alcohol.  The  fatty  acids  were  obtained  from  both  clear 
solutions  respectively.  The  iodine  and  saponification  values  of 
these  acids  were  as  follows: 


Experiment  6. 


Fatty  acids  from 


Iodine  value. 


Saponification 
value. 


Hydrolysed  glycerides 
Besidual  glycerides  ... 


178 
159 


199 


190 


1  This  journal,  p.  125. 
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Thus  the  fatty  acids  from  the  residual  glycerides  have  lower 
iodine  and  saponification  values  than  those  from  the  hydrolysed 
glycerides.  From  these  results  it  may  be  suggested  that  the 
oxidised  glycerides  which  have  higher  molecular  weight  owing  to 
the  absorption  of  oxygen,  arc  more  resistant  to  lipase  than  are 
the  original  glycerides. 

As  one  of  the  oxidised  products,  the  presence  of  a  class  of 
fatty  acids  which  are  termed  "oxidised"  acids  by  Lewkowitch 
and  characterised  by  their  insolubility  in  petroleum  ether,  has  been 
shown  by  Fahrion.  But  the  quantity  of  "  oxidised  "  acids  in  the 
blown  oil  was  too  small  to  produce  such  a  remarkable  retardation 
of  lipolytic  hydrolysis  of  the  oil  as  that  described  in  Experiment  5. 
The  author  assumes  moreover  the  presence  of  other  kinds  of 
oxidised  products  which  are  also  hardly  decomposed  with  difficulty 
by  lipase. 

The  action  of  lipase  on  fatty  oils  oxidised  by  heating  in  access 
of  air  or  oxygen  was  found  to  be  more  easily  influenced. 

Experiment  7. 

About  100  grams  of  oil  were  heated  in  a  porcelain  basin  for 
one  hour  at  140°C.  being  stirred  constantly.  The  oils  thus 
obtained  were  washed  with  water.  Twenty-five  grams  each  of  the 
resulting  oils  were  triturated  with  one  gram  of  pressed  castor  seed, 
3  c.c.  of  N/10  sulphuric  acid  and  4  c.c.  of  water,  and  allowed  to 
hydrolyse  for  one  hour  at  38°C.  respectively.  Comparative 
experiments  with  the  corresponding  raw  oils  were  also  carried  out. 
The  results  obtained  were  as  follows: 
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Oil. 

Per  cent,  cf  cil  decomposed 
in  one  hour. 

Tsubaki  oil  

36.2 

Tsubaki  oil,  beated  

32.0 

Olive  oil   

35.6 

Olive  oil,  heated   

29.0 

Soja  bean  oil   

29.0 

Soja  bean  oil,  heated  

18.0 

Perilla  oil  

35.3 

Perilla  oil,  heated   

20.8  . 

Linseed  oil  

32.1 

Linseed  oil,  heated   

16.0 

Tung  oil   

30.4 

Tung  oil,  heated   

10.2 

As  can  be  seen  from  the  figures  in  the  table,  the  lipolysis  of 
oils  heated  in  access  of  air  is  more  difficult  than  in  the  case  of  the 
corresponding  raw  oils.  This  is  chiefly  due  to  the  formation  of 
some  oxidised  glycerides.  But  in  this  case  it  is  necessary  to  pay 
attention  to  the  occurence  of  a  certain  amount  of  polymerisation 
and  the  action  of  lipase  on  the  polymerised  oil. 

The  Action  of  Lipase  on  Polymerised  Oil. 

Experiment  8. 

Linseed  oil  was  heated  at  1~>0°C.  for  two  hours  in  a  current  of 
nitrogen.  The  lipolytic  hydrolysis  of  the  resulting  oil  and  its 
iodine  value  were  compared  with  those  of  the  raw  linseed  oil,  with 
the  following  results,  the  hydrolytic  procedure  being  as  before: 


■ 
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Oil. 

Per  cent,  of  oil  decomposed  in 

Iodine  value. 

one  hour. 

three  hours. 

Raw  linseed  oil   

31.7 

58.8 

176.0 

Linseed  oil,  heated 

28.8 

54.0 

172.5 

Thus,  the  oil  heated  in  the  presence  of  nitrogen  hydrolysea 
less  rapidly  than  the  raw  oil  and  this  is  most  likely  due  to 
polymerisation  occurring  to  some  extent. 

That  the  polymerised  glycerides  are  more  slowly  hydrolysed 
by  lipase  than  the  original  ones  may  also  be  seen  from  the 
following  experiment.  The  polymerised  oil  used  was  prepared  by 
heating  linseed  oil  for  thirty  minutes  at  170° — 180°C,  without 
access  of  air. 

Expeirment  9. 

One  hundred  grams  of  the  polymerised  linseed  oil  were 
hydrolysed  by  about  three  grams  of  the  ether-washed  "lipase 
powder  "  and  25  c.c.  of  water  for  five  hours.  The  resulting  fatty 
matter  containing  about  40  per  cent,  of  free  fatty  acid  was  treated 
as  in  Experiment  6  to  separate  neutral  glycerides  from  free  fatty 
acids,  and  their  iodine  and  saponification  values  were  determined 
respectively : 


Fatty  acids  from 

Iodine  value. 

Saponification  value. 

Hydrolysed  glycerides   

173.8 

198.1 

Residual  glycerides  

160.5 

189.4 

From  these  results,  it  is  suggested  that  the  glycerides  of 
polymerised  fatty  acids  which  have  higher  molecular  weight  due 
to  polymerisation  are  more  resistant  to  lipase  than  the  raw  oil. 


The  Action  of  Lipase  on  Oxidised  and  polymerised  Oils. 


101 


Summary. 

It  is  shown  that  Lipase  acts  with  less  rapidity  upon  oxid- 
ised oil,  prepared  by  insolation  or  by  blowing  air,  than  the 
raw  oil.  This  reduction  of  the  activity  of  lipase  on  oxidised 
oil  is  most  marked  in  the  case  of  drying  oil,  and  it  decreases 
through  the  classes  of  semi-drying  and  non-drying  oils. 

The  slowness  of  the  lipolysis  of  oxidised  oil  is  due  to  the 
presence  of  some  oxygen -absorbed  products  which  are 
decomposable  by  lipase  with  less  rapidity  and  which  have 
probably  a  larger  molecular  weight  due  to  the  absorption  of 
oxygen. 

The  lipolysis  of  rancid  oil  is  also  slow,  possibly  on  account 
of  the  presence  of  the  oxidised  products  named,  and  of 
aldeli3Tdic  substances,  the  latter  injuring  the  activity  of  the 
lipase. 

An  oil  oxposed  to  sunlight,  while  protected  from  contact 
with  the  air,  does  not  show  any  retardation  of  its  lipolytic 
hydrolysis,  showing  that  light  alone  produces  no  effect  on  the 
chemical  composition  of  oil. 

Heated  oil  which  has  been  prepared  by  heating  in  a 
current  of  nitrogen,  is  more  difficult  of  hydrolysis  by  lipase 
than  the  raw  oil,  showing  that  the  polymerised  products  of 
glycerides  are  with  difficulty  decomposable  by  the  enzyme. 
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The  exact  determination  of  stresses  as  they  actually  occur  in 
a  bridge  under  load,  in  spite  of  its  importance  in  designing  a  new 
structure,  as  well  as  in  the  examination  of  an  existing  one  has 
but  rarely  been  attempted.  The  reason  for  this  lies  mainly  in 
difficulties  attending  the  work  of  measurement  on  the  one  hand, 
and  the  uncertainties  inseparable  from  mathematical  calculations 
on  the  other. 

While  the  computation  of  primary  stresses  is  a  comparatively 
simple  work  with  all  kinds  of  structures,  that  of  secondary  stresses 
generally  entails  considerable  labor  and  the  results  obtained  are 
far  from  being  certain,  even  when  their  causes  are  known.  The 
principal  cause  of  this  uncertainty  lies  in  the  imperfect  fulfillment, 
in  the  actual  structures,  of  the  assumptions  on  which  the 
calculations  are  based.  The  rigidity  of  construction  aimed  at  in 
modern  railway  bridges,  especially  in  those  of  moderate  spans,  is 
conducive  to  the  production  of  high  secondary  stresses.  To 
measure  such  stresses,  under  a  rapidly  moving  load,  with  the 
means  available  at  present  would  be  next  to  an  impossibility, 
owing  to  the  vibration  set  up  by  the  load. 
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In  order  to  obtain,  by  calculation,  the  secondary  stresses  due 
to  rigidity  of  joints,  various  methods  have  been  advanced.  The 
author,  in  the  course  of  his  lectures,  has  given  equations  for  lon- 
gitudinal and  transverse  rigidity  of  joints,  and  in  his  "  Statically- 
Indeterminate  Stresses  in  Frames  Commonly  used  for  Bridges," 
has,  in  Chapter  VII,  otherwise  deduced  the  same  equations.  In 
order  to  put  to  practical  test,  the  reliability  of  these  formulas,  the 
model  of  a  Warren  truss  shown  in  Fig.  1.  Plate  I,  was  constructed, 
and  the  stresses  produced  in  its  members  by  certain  loading  were 
measured  by  means  of  dial  strain-meters,  having  a  magnification 
of  400.  The  material  used  for  the  model  was  a  mild  steel,  with 
modulus  of  elasticity  of  about  30,000,000  lbs.  per  square  inch. 
The  joints  were  fully  riveted,  thus  making  them  quite  as  rigid  as 
are  found  in  real  structures  of  the  kind.  The  ensemble  of  the  test 
is  shown  in  Fig.  2.  PI.  I. ;  the  load  was  applied,  as  shown,  by 
means  of  hydraulic  jack,  provided  with  pressure-gauge.  The 
strains  were  measured  uniformly  on  a  length  of  8  inches,  and 
since  one  division  on  the  dial  indicated  the  linear  movement  of 
1/5000  inch  of  the  connecting  bar,  it  corresponds  to  an  intensity 
of  stress  of 

-J—  xlx30,000,000=750  ]bs.  per  sq.  in. 
5UUU  o 

While  there  was  no  difficulty  in  estimating  the  reading  of  the 
needle  to  1/10  of  one  division  on  the  dial,  i.  e.  to  1/50000  inch  in 
length  of  the  bar,  it  was  hardly  of  any  value,  considering  the 
effects  of  various  disturbing  causes  and  the  degree  of  accuracy 
attained  by  the  workmanship  of  the  apparatus. 
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Calculation  of  Stresses. 


On  loading  the  truss  model,  with  a  central  load  of  20,000  lbs., 
we  get,  by  calculation,  the  following  primary  stresses  and  their 
intensities: 


Fig.  I. 


Member.  Primary  Stress  in  lbs. 

AB  -10,000x1.6  =-16,000 

BC  +10,000x1.6  =+16,000 

AC  +10,000x1.25  =  +  12,500 

BD  -10,000x2.5  =-25,000 


Cross-section 
in  sq.  in. 

3.50 
1.17 

3.50 
3.50 


Intensity  in 
lbs.  per  sq.  in. 

-  4,570 
+  13,680 
+  3,570 

-  7,140 


These  stresses  cause,  then,  the  following  changes  in  lengths, 
assuming  E= 30, 000, 000  lbs.  per  sq.  in. 

Member.  Length. 


AB 

BC 
AC 
BD 


3S.4  in. 
38.4  „ 
60.0  „ 
60.0  „ 


Since,  in  triangle  ADC 


da 


Al. 

—  .00584  in. 

+  .01751  „ 

+  .00714  „ 

-.01428  „ 

db 


Al 
l 

-.000152 
+  .000456 
-.000119 
-.000238 


dc 


JA  =  -^(cot  B  +  cot  C)-~ cot  C-—  cot  B 
a  bc 

JB  =  Jb  (cot  A+  cot  C)-^.cot  C-  Acot  A 
o  a 


JC=-  J:  (cot  ^+cot  £)-— cat  B-  r 
c  c  h 


c 

db 
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we  get,  on  the  assumption  of  freedom  from  constraints  at  the 
panel-joints,  the  following  imaginary  angular  changes  in  the 
truss: 

ABAC- .003456(  1 .25  -  .2248) 

-.000119 X  1.25 -.0001 52  x  .2248  =  +  .0002850 

^££=.000119(1.25  +  1.25) 

+  .0001 52  x  1 .25 - .000456  x  1.25=  - .0000825 

ABC  A  =  -  .000152(1.25  -  .2248) 

+  .000456  x  .2248  -  .000 1 19  x  1 .25  =  -  .0002021 

ACBD = .000456(1 .25  -  .2248) 

+  .000456  x  .2248  +  .000238  x  1 .25=  +  .0008674 

ABGD=  -.000238(1.25  +  1.25) 

-  .000456  x  1.25  -  .000456  x  1 .25  =  -  .0017350 

and  for  the  moment-equations, 

0>EABAC=*^(2Mac  -  If  J-  J^(-2Mai- Mba) 

■lab 

\-Mab)-^-{2Mb:-Mcb) 
6EJB  CA  =  -^-(2Mcb  -  Mb)  -       (2Mea  -  Ma.) 

(2Mb-MA)--1^  (2M„d-Mdb) 

J- hi 

.  :2Mcd-Mac)-^(2Mcb-M,c) 

Jed  J  b 

Since  Zac  =  ZM=60in.,    Lab=  L,„.=  3S4  in.,    Inb-I  ,  =  I6d=6.7  in.4 
and  1^=7^=1  in4, 
we  get 

+  51 ,300  =  -^-(2MJC  —  MCJ)  -  ^4-(2M.lb-Mtn)  ■ 
6.7  o.i 

- 14,850  =  ^M(2Mi:,  -       -  38.4  (2Mie  -  Mch)  ■ 
6.  / 


1  

lab 

J- be 

— 

J-bc 

Lcd  / 
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-  -  36,378=  38.4  (mbc -  Mcb)--^-(2Mbd  - Mib) 

-  3 12  300  =  = Mde)  -  38.4  (2Mcb  -  Mbc) 


Further,  we  have 


Mab  +  Mac=0 
Mbl+Mb,  +  Mbd  =  0 


and  from  symmetry, 

Ma=-Mn      Mcd=-Mcb  Mde--M6e 

Combining  these  equations,  we  get  the  following  values  of 
moments  : 

Mab=-.-  5,620  in.-lbs. 
ilfac=+  5.620  „  „ 
Mte=+  1,030  „  „ 
Mbc  =  -  3,480  „  ,. 
Mc%=  + 13,360  „ 
Mcb=+  3,260  „  „ 

Applying  these  moments  to  the  ends  of  respective  members, 
by  paying  attention  to  the  signs  (+for  anticlockwise  motion),  we 
find  the  distortions  of  the  truss  members  to  be  as  shown  exag- 
gerated in  Fig.  2. 


B  D 


Fig.  2. 


A 


C 


E 


'4 


The  moment  (m)  and  mean  fibre-stress  in  the  flange  (f )  at 
any  point  of  each  member,  are  then  obtained  in  the  following 
manner: 
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m    won,  1030-5620 

>56Z0  W3  o  ^  38  4 

V~   ^ *  B 

"  '  /=-4570  +  m  xl.44 

<r~x-~ ►  J  ~  6.7 

,ron  ,  5620  +  13360 
7/j=  —  5620  +  x 

60 

Qsezo  /= +3570+-^  xl.44 

6.7 

m=  +  3480 

{3480  3480^ 

 /=-7l40  +  ^Xl.44=(-7870 

~~  6.7  1-6390 

0.,n  .   2450  +  3260 
m=  —  2450  +  '  x 

38.4 

/=+13680+— xl.56 

Note,  in  the  above,  the  signs  for  moments  made  +,  when  causing 
compression  on  the  upper  fibres  of  the  members,  in  the  respective 
positions  they  occupy  in  the  truss. 

The  Measurement  of  Flange-Stresses. 

The  flange-stresses  were  measured  only  at  those  points  found 
to  be  suited  for  the  attachment  of  the  strain-meter. 

In  AB  and  DE,  their  middle  points  were  chosen,  where 
according  to  the  foregoing  equations, 

m  =  5620  +  1030 ~ 5620  x  19.2= +3,330  in.-lbs. 
38.4 

/= -4570  + J^-x  1.44=/ ~5'285  lb3,  per*  sq-  in> 
6.7  1  —  3,855   „     „     „  „ 

In  AC  and  CE,  also,  the  middle  points  were  taken  where,  again, 

rAOn  ,  5620  +  13360^  on     .QQvn  :«  n*a 
ra=-5620n  x  30= +  3870  m.-lbs. 

60 
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/=+3570+^xl.44=(  +  4400  lbs-  Per-  8*  in- 
J  ~  6.7  1  +  2740   „     „     „  „ 

In  BD,  the  points  chosen  were  15.6  inches  from  B  and  D; 
although  any  other  point  should  have  given  the  same  results,  as 
the  moment  and  consequently  the  flange-stresses  ought  to  be 
uniform  throughout  the  length,  being  -7890  and  -6390  in-lbs,  as 
already  found. 

No  measurements  were  made  in  BC,  cwing  to  the  form  of  the 
member  not  being  adapted  for  fixing  the  instrument. 

The  following  table  shows  the  comparison  of  flange-stresses 
obtained  by  measurement  and  by  calculation. 

Member  Flange  Intensity  of  stresses  in  lbs.  per  sq.  in. 

°  '  By  measurement.  By  calculation. 

AC  and  CE  +*j°°}=  +  S100±800    +3570±  830={+^ 

™  {BS£  iSH-7*0*660  -™°±™={=S 

Each  of  the  measured  stresses  is  the  mean  of  the  measure- 
ments made  at  the  four  edges  of  each  of  the  sections  chosen. 

While  the  agreement  between  the  calculated  and  the  meas- 
ured stresses  is  far  from  being  complete,  it  is,  in  the  mind  of  the 
writer,  close  enough  to  establish  the  reliability  of  the  method  of 
calculation  followed,  knowing,  as  he  does,  the  imperfect  workman- 
ship of  the  instrument  used  and  considering  the  various  disturbing 
causes  which  were  unavoidable. 

Several  other  measurements  were  made  at  points  nearer  to  the 
panel  points;  these  naturally  gave  comparatively  lower  flange- 
stresses,  owing  to  the  presence  of  connection-plates.  It  was  also 
found  that  the  distribution  of  stress  in  one  and  the  same  flange 
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varied  to  a  certain  extent;  in  one  case,  the  difference  was  as  much 
as  50%  of  the  lesser,  owing,  no  doubt,  to  structural  eccentricity  at 
the  joint. 

Calculation  of  Stresses  in  a  Railway  Bridge. 

The  structure  chosen  for  investigation  is  a  riveted  bndge, 
with  a  clear  span-length  of  100  feet,  typical  of  those  found  on 
lines  of  the  Imperial  Government  Railways.  Its  general  details 
are  shown  on  PI.  II.  The  load  taken  consists  of  2  engines,  each 
weighing  240,000  lbs.  followed  by  a  uniform  load  of  3,000  lbs.  per 
foot  of  track,  which  is  apparently  the  load  for  which  the  bridge 
was  designed. 

The  general  dimensions  and  the  distribution  of  the  dead  load 
are  as  shown  in  Fig.  3 


Primary  Stresses. — From  the  data  above  given,  are  obtained 
the  following  primary  stresses  and  their  intensities  on  effective 
cross-sections,  of  which  those  arising  from  the  live-load  are  in- 
creased according  to  the  common  impact-formula,  ~f+3Q0  '  ^or 
the  dynamic  effects. 
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Mem- 

Effective  cross 

Dead-load 

Live-load 

Impact. 

Total  stress. 

Intensity. 

ATI      QCI     1  Tl 

ecliUUUt  o  Ill* 

fit  TO  CO  lVkQ 

stress,  lbs. 

IDS. 

lbs.  per  sc[.  in. 

AB 

12 

+  24,100 

+  75,100 

.75 

+  155,500 

+  12,960 

EG 

17 

+  36.10Q 

+  113,600 

j  j 

+  234,900 

+  13,640 

BD 

.  21 

-36,100 

-113,600 

tj 

-234,900 

-11,190 

DF 

21 

-36,100 

-113,600 

-234,900 

-11,190 

AB 

30 

-36,700 

-114,300 

.75 

-236,700 

-  7,890 

BC 

8 

+  8,500 

+  55,200 

.88 

+  112,300 

+ 14,040 

BE 

8 

+  18,300 

+  69,300 

.82 

+  144,400 

+  18,050 

BE 

11 

-  3,600 

-  25,800 

.87 

-  51,800 

-  4,710 

DG 

5 

0 

+  34,300 

.87 

+  64,100 

+  12,820 

be 


For  the  greatest  bending  moments  in  the  floor-system, 
Stringer       11,500  172,500       .94  346,200  ft.-lbs. 

Floor-beam  27,600  290,500       .88  573,700  „ 

(Interin.) 

The  flange-stresses  in  the  stringer  and  floor-beam  would  then 
346,200x12 


Stringer 
Floor-beam 


8,080 
573,700  x  12 
15,664 


xl9.4=  9,980  lbs.  per  sq.  in. 
x  25.0=  10,990    „     „     „  „ 


Half  of  lower  lateral -system. 

C  E' 


Wind  Stresses. — For  calculating  the  wind  stresses,  a  pressure 
of  30  lbs  per  sq.  ft.  acting  on  the  exposed  surfaces  of  the  bridge 

and  the  train  will  be 
assumed,  as  being 
the      pressure  at 

A'.  ^       1   j.  -      which   light  trains 

are  liable  to  be  over- 
turned ;  only  the 
pressure  acting  on 
the  train  will  be  con- 
sidered as  a  moving 
load. 


Fig.  4. 


M 

i«  — » 

1 

+ 

1 

*  ZO.6'—-* 
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A' 


F.g.S. 


Half  of  upper  latera 

M' 

-system. 

1 

3'               D-  ; 

 «s" — 

i  M/ 

N' 
N 

B  \ 

V  1 

l 

*— i 

f-  J2.5'  r<ftf«^.  /J  --» 

«  20.6'---* 

*-JO,3-^ 

These  pressures 
cause  the  following 
stresses  in  the 
chords  as  members 
of  the  upper  and 
lower  lateral  sys- 
tems, each  system 
considered  to  be 
independent  of  one 
another. 


Member. 

Effective  cross 
section,  sq.  in. 

Stress,  lbs. 

Intensity, 
lbs  per  sq.  in. 

A'  C  (AC) 

12 

-34,500 

-2,880 

C  E'  (CE) 

12 

f-  52,600 
\  + 34,500 

-4,380 
+  2,880 

E'  G'  (EG) 

17 

±52,600 

±4,380 

B'  D'  (BD) 

21 

-  4,500 

-  210 

D'  F'  (DF) 

21 

±  4,500 

±  210 

In  the  portal-brace,  if  the  lower  ends  of  the  end-posts  are 
assumed  to  be  hinged,  the  stresses  in  the  latter  would  be 


Fig.  6. 


3400 


II 


A' 


H=3SOO 


J  =  4.00  i> 


36  OO  lbs. 


M/ 


35  OO 


B 


tr~t 
n 


Jbs. 


Direct  stress  ( V) 
7000  x  390 


=  -14,800  lbs. 


185 

Bending  moment  (M) 
=  3500x328= -1,148,000 
in. -lbs. 
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Whereas,  if  the  end-posts  were  fixed  at  their  lower  ends, 
M  x  3,500=  +  809,000  in.-lbs. 

M=Ml-328  11  =  -339,000  in.-lbs. 
v=  (390-234)7000  ^ 
185 

The  actual  stress  in  AB  would  probably  be  about  the  mean 
of  the  two  preceeding  ones,  viz: 

Direct  stress=       10,000  lbs. 

,500  in.-lbs. 


J-743,f_ 
1  +  404,? 


Bending  moment: 

^,500 

causing,  in  the  end-post,  the  extreme  fibre-stress  of 
10,000  743500x9.5 


30  1250 


5980  lbs.  per  sq.  in. 


The  horizontal  component  of  the  direct-stress  amounts  to±9, 600  lbs. 
The  transfered  load  which  is 

sq.  ft      lbs     ft  ft 

200x30x10+15.5=3370  lbs.  per  panel, 
produces  the  following  stresses  in  the  chords  and  end-posts: 

A'  E'  (AE)  ±  6,700 

E'  G'  {EG)  ±10,100 
A'  B'  (AB)  ±10,500 

The  transfered  load,  also  causes  the  following  bending  moments: 

Bending  moment.  Flange-stress. 

Stringer       30,900  ft.-lbs.  890  lbs.  per  sq.  in. 

Floor-beam  20,400  „  „  400 


>>    »>  »> 


The  greatest  tension,  due  to  the  assumed  wind-pressura,  found  in 
the  lower  chord  and  end-post  of  the  lea-side  truss  may  therefore 
amount  to: 
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AC  (9600+  0,700)  -^-=1360  lbs  per  sq.  in. 

CE    (34,500+  9,600+  6,700)  J_=4230  „    „    „  „ 

12 

EG     (52,603+  9,600  +  10,100)  J_=4650  „     „     „  „ 

17 

AB  (5930  +  10,500)  _L  =  6330  „     „     „  „ 

SO 


Calculation  of  Secondary  Stresses. 

Of  the  various  causes  of  secondary  stresses,  only  the  longitudi- 
nal thrust  of  moving  loads,  and  the  eccentricity  and  rigidity  of 
joints  will  be  considered,  as  others  are  either  inconsiderable  in 
their  amounts  or  uncertain  in  their  actions. 

Stresses  due  to  the  longitudinal  thrust. — The  braking  force  trans- 
mitted through  the  floor-system  to  the  lower  chord  would  probably 
never  exceed 

390,000x0.2-11,000  =  28,000  lbs. 

The  lateral  bending  moment  caused  by  this  force  in  the  floor-beam 
would  then  be 

28,000  XJ_X  5.25  =  12,250  ft.-lbs. 


6  2 

causing  an  extreme  fibre-stress  of 
12250x12 


162 


x 6= +5,400  lbs.  per  sq.  in. 


while  the  direct  stress  in  the  lower  chord,  at  the  end  panel,  due 
to  the  same  cause,  would  be 

28,000  x  !.  =  14,000  lbs. 

2 
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Stresses  due  to  the  eccentricity  in  joints. — In  the  truss  itself  there 
is  hardly  any  eccentricity  in  joints,  worth  considering.  The 
eccentricity  in  the  connection  of  the  lateral  system  amounts  to  8 
inches  in  the  upper  and  3  to  18  inches  in  the  lower;  the  last 
amount  being  found  at  the  end-joint,  were  the  latter  free  of 
constraint,  Avould  cause  extreme  fibre-stresses  of 

34500  x  18x-^-=+9760  lbs.  per  sq.  in.  in  wind-side  chord. 
350  *  H 

34500  x  3 x  J^L=±1630    „     „     „    „    „  lea-side 
350 

As  it  is,  however,  not  more  than  one-half  of  these  amounts  would 
really  be  active  in  those  members. 

Stresses  due  to  the  rigidity  of  joints. — For  calculating  the 
secondary  stresses  due  to  the  longitudinal  rigidity  of  the  panel 
joints,  in  order  to  simplify  the  work,  an  equivalent  uniform  load 
(w)  for  max.  moment  at  centre  will  be  used. 
Then,  since 

w=  113600x23.7x8  lbs< 

(102.9)2  P 

for  the  case  of  full  loading,  we  get  the  following  stresses  and  specific 
changes  of  lengths,  assuming  £"=30,000,000  lbs.  per  sq.  in. 


Member. 

Length 
in  in. 

Gross  Section 
in  sq.  in. 

Moment  of 
Inertia  in  in.4 

Total  Stress 
in  lbs. 

M 
i 

AC 

247 

15 

313 

+  152,000 

+  .000338 

EG 

247 

21 

375 

+  227,900 

+  .000364 

BD 

247 

21 

469 

-227,900 

-.000364 

DF 

247 

21 

469 

-227,900 

-.000364 

AB 

376 

30 

611 

-231,300 

-.000257 

BC 

284 

10 

37 

+  87,300 

+  .000291 

BE 

376 

11 

70 

+  115,800 

+  .000351 

DE 

284 

11 

70 

-  3,600 

-.000011 

DG 

376 

6 

9 

0 

0 
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The  last  column  of  the  preceeding  table  gives  the  following 
angular  changes  and  the  corresponding  moment-equations: 

6EJDAC=+U3A00  =  ^l(2Ma-MJ-fA6]i2Mab-Mba) 

old  641 

6E.JABC=  +  9Sm  =  fAUmra-Mch)-^-^Mllc-Mcb) 

64L  37 

6S.J^CB=-207,000=^-(2M6-Mte)-|fl(2ilfda-Ma,) 
&E.JBCE  =  +  13,860=|^(2M-,e-Mec)-^74  (2Mct-MJ 
6E.JCBE=  -  l,9S0=2^(2Mbc-Mcl>)-^-(2Mb^-Mlb) 
6E.  JBEC=-  1 1 ,860  =  ^{2Meb  -  Mbt)  -  ^~(2Mec  -  Mce) 
6E.JBDE=  +  l86M0=^(2Mdb-Mbd)-^±{2M(i-Med) 
6E.JDBE=-  74,700=^(2^ -Meb)-^L{2Mbll-Mdb) 
6E.JBED=  - 111,960= ~^-(2Med  —  M  de)  —  ~^(2Mfb— Mb ,) 

6E.JFDE=  +  76,500=Q^(2Mde-M(d)-^(2Mdf-Mfll) 

70  469 

6E.JDEG=-  73,440=|^(2Mt,-MJf)-^2Med-lf(i,) 

Farther,  we  have 

Mab+Mac=0 
Mta+Mbe  +  Mbt  + 1*^  =  0 
Mca  +  Mcb  +  Mce=0 
Mdh  +  Mde  +  Mdf=0 
Mes  +  Meb+M^d+Meg=0 
Mge=-Mi9 
MJd=-Mdf 

These  equations  furnish  the  following  values  of  moments: 
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Member. 


AB 


End-Moment, 
in. -lbs. 

-  70,000 


AG 


EC 


BD 


BE 


CE 


DE 


DF 


EG 


iMab=-  70,( 
\Mba=-  29 J 

[Mca= 

(Mbe=-  13{ 
\Mcb=-  16,1 
{MbJ= 

(Mbl= 

[Met= 

Wc= 

(Mde=  -  16,6 
\Med=-  10,3 
(Mdf=- 
\Mfd=  + 
(Meg= 
Wge= 


Section-Mod. 
in." 

143 

80 


Extreme  Fibre-stress, 
lbs.  per  sq.  in. 

-  490 


50 


,100 

=  +  70,000 
+  77,200 
=  -  13,800 
,100 
=  +  47,500 
+  113,600 
=  +  4,600 
+  6,800 
=  -  61,100 
+  39,200 
=  -  16,600 
,300 
-  97,000 
97,000 
=  -  35,700 
+  35,700 

For  other  positions  of  the  load,  the  amounts  of  secondary 
moments  will  naturally  differ,  but  those  in  the  chords  and  larger 

web  members  as  found  above 


86 


14 


50 


14 
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62 


+  1,540 
+  1,790 
-1,320 
+  490 
+  1,220 
-1,190 
-  440 
+  580 


Fig- 7. 


JSOt'nS* 


'Ms 


ii 


<a  =  60> 


would  not  be  exceeded. 

As  to  the  secondary 
stresses,  due  to  the  trans- 
verse rigidity  of  joints,  com- 
mencing at  BE,  we  have  for 
the  cross-frame  DED'E' 
shown  in  Fig.  7  the  follow- 
ing expression  for  the  mo- 
ments: 
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|  h_e  _  eh(b-2f)  \M_  (6W)  w 

j¥1=-A_^  2I,(h-ey  J   87,  =  38,800  in.-lbs. 

b  +  2(h-e)  e\b-2f) 
278        Si,  21^11-ef 

h-e  eh(b-2f) 
***  ^(h-ef    Mi==_3>800  in..lbs." 


h  ,h\b-2f) 
372  27^/i-e)2 


The  extreme  fibre-stress,  caused  by  these  moments,  in  DE  or 
B'E'  will  then  be 

(38,800-  38800  +  3800  x26)AL=+6bo  lbs.  per  sq.  in. 
'  218  1 212  F  U 

At  BC,  the  cross-frame  being  as  shown  in  Fig.  8,  we  have: 


Fig.  8. 


3L     2  87, 
2h  b 


=  29,1000  in.-lbs. 


M.,= 


372  273 

h  _ 

Jlfi=-9400  in.-lbs. 


67. 


h    ,  b 

T 


B 


37,  27, 


J,  =40  0  in. 


B' 


M2 


ii 


(<Z) 


-e-M.-- 


73  =JS6<S4- 


II 


c 


4 


and  for  the  consequent  ex- 
treme fibre-stress  in  the  post, 

BC(B'C')  (SO.IOO-^91004-9400 

X  26^— =+630  lbs. 
7  220 

The  combinations  of  the 
several  stresses,  thus  far  calcu- 
lated, viz:  those  due  to  dead 
and  live  loads  and  the  second- 


276 


per  sq  in. 
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ary  stresses  caused  by  the  rigidity  of  joints  (Case  I)  and  for  the 
simultanrous  occurrence  of  all  the  stresses  considered  (Case  II) 
lead  to  the  following  results: 

Case  I. 

Intensity  of  stress  lbs.  per  sq.  in. 


Member. 

Primary. 

Secondary. 

Total. 

AC 

+ 12,960 

+  1,540 

+  14,500 

CE 

+ 12,960 

+  1,220 

+  14,180 

EG 

4- 1 3  820 

+  580 

+ 14,400 

BD 

-11,200 

-1,320 

-12,520 

DF 

-11,200 

-  440 

-11,640 

AB 

-  7,890 

-  490 

—  8,380 

BC 

+  14,000 

+  1,790  +  630 

+ 16,420 

BE 

+ 18,050 

+  490 

+ 18,540 

DE 

-  4,710 

-1,190-680 

-  6,500 

DG 

+  12,800 

+  12,800 

Stringer 

9,980 

9,980 

Floor-beam 

10,990 

10,990 

Case 

II. 

Intensity  of  stress  in 

lbs.  per  sq.  in. 

Momber. 

Primary  and 
Secondary. 

Wind. 

Long.  Thrust. 

Eccentricity. 

Total. 

AG 

+  14,500 

+ 1 ,360 

+  1,170 

0 

+  17,030 

CE 

+ 14,180 

+  4,230 

+  930 

+  800 

+  20,140 

EG 

+ 14,400 

+  4,650 

+  700 

+  1,200 

+  20,950 

AB 

-  8,380 

-6,330 

-14,710 

Stringer 

9,980 

890 

10,870 

Floor-beam 

10,990 

400 

5,400 

16,790 

Case  I  is  ordinary,  while  Case  II  is  extraordinary;  the  latter 
may  or  may  not  occur  in  the  life  of  a  bridge. 

The  intensity  of  stress  found  in  Case  I  is,  with  few  exceptions, 
under  10,000  lbs.  per  sq.  in.  which  is  about  the  limit  allowed,  in 
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the  best  practice,  for  the  structural  steel.  The  web  members,  BO 
and  BE,  are,  in  cross  sections,  not  quite  up  to  those  of  the  rest  of 
the  members,  and  consequently,  would  be  the  first  ones  to  require 
reinforcing,  when  the  rolling  load  exceeds  the  one  the  structure 
is  calculated  for.  In  Case  II,  for  which  the  allowable  limit  may- 
be safely  raised  up  to  three-quarters  of  the  elastic  limit  of  the 
material,  which  latter  should  not  be  less  than  30,000  lbs.  per  sq. 
in.,  making  the  allowable  limit  22,500  lbs  per  sq.  in.,  the  greatest 
intensity  is  found  to  be  under  21,000  lbs.  per  sq.  in.  There  may 
be  found,  in  the  details  and  subsidiary  members,  stresses,  especially 
local  ones,  which  might  exceed  those  computed  for  the  main 
members;  but  it  may  be  stated  that  the  structure  is,  as  a  whole, 
one  well  proportioned;  besides,  having  certain  provision  for  pos- 
sible future  increase  in  the  amount  of  rolling  load. 

It  is  sincerely  to  be  wished,  that  every  Railway  Administra- 
tion would  institute  like  investigations,  carrying  them  out  more 
thoroughly  than  has  been  attempted  in  this,  for  all  the  structures 
on  its  lines.  Accidents  arising  from  faulty  designs  or  excessive 
loading  might  then  be  entirely  averted. 

In  conclusion,  the  writer  desires  to  express  his  appreciation 
of  the  valuable  assistance,  rendered  him  by  Assist. -Prof.  Y. 
Nagayama  in  carrying  out  the  foregoing  measurements  and  com- 
putations. 


Rivets  3/w 


Plate  I 


Fig.  L. 


s-  o" 


ON  SHEARING  STRESS  IN  A  SHIP'S  STRUCTURE. 


BY 

K.  SUYEH1RO, 

KogakuhaTcushi . 


THE  JOURNAL  OF  THE  COLLEGE  OF  ENGINEERING 
TOKYO  IMPERIAL  UNIVERCITT,  TOKYO,  JAPAN. 

Vol.  V.    No.  6. 


PubUshed  November.  1913. 

On  Shearing  Stress  in  a  Ship's  Structure. 

By 

K.  Suyehiro,  Kogakuhakushi. 


The  present  subject  has  not  been,  so  far,  treated  with  the 
attention  it  deserves.  Prof.  Jenkins  is,  perhaps,  the  only  writer 
who  deals  with  it  fully,  whilst  a  few  years  ago,  Dr.  Bruhn  added  a 
very  brief  note  on  the  subject  in  a  paper  on  the  stress  at  dis- 
continuities and  showed  a  rough  sketch  of  the  distribution  of 
shearing  stress  in  a  ship's  section.  So  far  as  the  maximum  shear- 
ing stress  is  concerned,  the  opinions  of  these  two  investigators 
were  same  and  no  naval  architect  would  doubt  the  validity  of  their 
methods  of  calculation.  But,  with  regard  to  the  distribution  of 
shearing  stresses,  their  conclusions  differed  in  many  respects. 
Since  then,  no  one  has  tried  to  advance  this  subject. 

My  intention  is  to  throw  some  light,  on  the  darkness  in 
which  this  subject  at  present  lies. 

I.    Distribution  of  shearing  stress  in  a  ship's  section. 

In  treating  such  a  practical  subject,  one  must  not  forget  to 
take  the  basis  of  argument  in  analogous  cases  which  may  be 
solved  analytically  or  otherwise  determined  experimentally  in  a 
universally  accepted  way. 

Usually,  this  subject  is  treated  on  the  assumption  that  the 
shearing  stress  in  a  ship's  section  would  be  distributed  as  in  the 
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section  of  a  solid  rectangular  beam.  But  it  seems,  that  there  is 
not  much  similarity  between  a  solid  beam,  and  a  hollow  beam, 
like  a  ship,  because,  in  the  former,  the  unbalanced  force  due  to 
the  variation  of  bending  moment,  is  in  equilibrium  with  the 
shearing  force  distributed  in  a  horizontal  section  whilst  in  the 
latter,  this  mode  of  equilibrium  may  be  different. 

The  general  feature  of  the  distribution  of  shearing  stresses  in 
a  hollow  beam  can  be  seen  from  that  in  a  thin  hollow  cylindrical 
beam. 


(1).    Shearing  stress  in  a  thin  hollow  circular 
cylindrical  beam. 

Taking  the  central  axis  of  the  cylinder  as  the  axis  of  z,  a 
horizontal  line  drawn  through  the  centre  as  the  axis  of  y,  and  a 
line  drawn  vertically-downward  through  the  centre  as  the  axis  of 
x  (see  fig.  1),  the  Saint  Venant's  "flexure  function"  is  as 
follows:  — 

0  =-(f+b){WH>+^)+^-^)+c...  (1) 

where       a  =  Poisson's  ratio. 

«o=  External  diameter. 
0i=  Internal  diameter. 
c  =  Constant. 
Now  the  component  shearing  stresses  are  given  by 


2(l  +  <7)Ilty 

where       F  =  Shearing  force. 

I  =  Moment  of  inertia  of  section. 


(2) 
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Substituting  (1)  in  these  equations,  and  transforming  into  polar 
co-ordinates,  we  get 

2(1  + a)  I  rJ  t 


F 


2(l  +  <x)I 

In  the  case  where  the  thickness  of  shell  «i=0  is  small, 
the  means  of  these  component  stresses  taken  over  the  thickness 
are 

X,=—  r2sin20 
"  1 

F 

Y,=  —  f-  sin#  cos# 

I 

where        r  =  the  mean  radius. 
Therefore,  substituting  the  value  of  I—~r9t, 

X,=2^-  sin'0 
Qjtrt 

F 


Thus,  finally 


sin  26 
2icrt 


Xz— 2r  sin20 
Z=-rsin  2d 


R  =VX:2  +  Y/=  2z  sind 


(3) 


Y2 

where         "  =  the  mean  shearing  stress  over  the  section. 
R  =  the  resultant  shearing  stress. 
Now  there  are  two  formulae  for  practical  calculation,  one  of  them 
being 

Rjss  ¥^   (See Prof.  Jenkins papsr 

2  x  horizontal  thickness  x  I 

read  before  the  Institution  of  Naval  Architects,  1890). 
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and  the  other 

2a 


-p  _  ¥m 

lv-—  (See  Prof.  Biles',  "  The  design  and  construc- 


tion of  ships,"  vol.  I,  page  2C5). 
where       «*  =  the  moment  of  area  outside  of  the  part  under 
consideration,  about  neutral  axis=2r2£.  sin  0. 
Substituting  the  values  of  I  and  w. 


R1=rx2sin201 
R,=rx2sin  0) 


(4) 


Comparing  (3)  with  (4),  it  will  be  seen  that  R  is  equal  to  R2, 
and  that  the  resultant  shearing  stress  (R)  is  nearly  in  the  direction 
of  the  tangent  to  the  periphery. 

Therefore,  in  virtue  of  the  equality  of  shearing  stresses  in 
perpendicular  planes,  it  may  be  inferred  that  the  shearing  force  in 
hollow  beams  which  counterbalances  the  unbalanced  force  due  to 
the  variation  of  bending  moment,  will  be  in  the  longitudinal 
plane  normal  to  the  periphery  and  the  approximate  value  of  such 
shearing  stress  given  by 
•d  F.m 

R  =  -if.  i   w 


(2).    Distribution  of  shearing  stress  in  a  ship's  section. 

Under  the  assumption  that  the  above  inference  holds  in  a 
ship's  section,  I  have  calculated  the  shearing  stresses  in  an  exist- 
ing steel  steamer.  The  amount  of  shearing  stresses  in  various 
parts  is  shown  graphically  in  fig.  2,  in  which  the  intensity  of 
stress  is  drawn  perpendicularly  to  each  member  on  one  side, 
irrespective  of  the  sign  of  stresses. 

The  calculations  Avere  made  in  the  following  way:  — 

(a)  Calculations  for  side  plating  are  self  evident. 

(b)  Deck  platings.    For  deck  platings,  wi  was  taken  to  be 
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double  the  moment  of  area  of  the  platings  included  between  the 
point  under  consideration  and  the  centre  line  (referring  to  fig.  3, 
rn=2 x moment  of  OA  about  neutral  axis)  and  t  the  thickness,  of 
the  plating. 

(c)  Bilge  platings.  In  calculation  of  shearing  stress  in 
bilge  plating,  t  is  usually  assumed,  such  that  not  only  the 
outside  plating,  but  also  all  vertical  members  as  margin  plate  and 
centre  girder  which  interesect  with  the  horizontal  line  drawn 
through  the  point  under  consideration,  would  offer  the  resistance 
to  the  unbalanced  force  due  to  the  variation  of  bending  moment. 
But,  as  the  inner  bottom  has  no  connection  to  the  upper  part  of 
the  ship  to  resist  the  unbalanced  forces,  unbalanced  forces  in  all 
the  bottom  members  lying  between  the  bilges  (e.e.,  all  longitudinal 
members  constituting  double  bottom)  will  be  kept  in  equilibiium 
by  the  shearing  force  in  the  bilge  plating  only. 

Thus,  the  shearing  stress  at  the  point  B  was  calculated,  by 
taking  m  to  be  the  sum  of  the  moments  of  sectional  area  of  all 
longitudinal  members  composing  the  bouble  bottom,  and  t  the 
thickness  of  the  bilge  plating  at  the  same  point. 

(<i)  Double  bottom.  The  shearing  stresses  in  vertical 
members  were  calculated  without  difficulty.  The  total  unbalanced 
force  in  that  part  of  dourjle  bottom  lying  above  a  horizontal  section 
(say  HL)  can  only  be  kept  in  equilibrium  by  the  shearing  force  in 
all  vertical  members  of  double  bottom.  Therefore,  in  calculating 
the  stress,  m  was  taken  to  be  the  moment  of  all  double  bottom 
members  lying  above  the  horizontal  line  HL  and  t  the  collective 
thickness  of  all  vertical  members. 

It  may  easily  be  observed,  that  the  shearing  stress  in  these 
vertical  members  and  that  in  outside  platings  are  of  opposite  sign, 
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and  that  the  algebraic  sum  of  all  vertical  shearing  forces  worked 
out  from  these  shearing  stresses  is  equal  to  the  shearing  force  in 
the  section  due  to  the  load. 

Shearing  stress  in  horizontal  members,  including  the  outer 
bottom,  would  be  distributed  in  a  very  complicated  manner,  and 
its  exact  calculation  would  be  impossible.  But  the  following 
method  may  give  some  approximation. 

In  fig.  3,  let  XYZW  be  the  central  part  of  a  double  bottom, 
and  t'  and  t  the  thickness  of  the  inner  and  outer  bottoms  res- 
pectively. Then,  in  order  that  this  part  be  in  equilibrium  in  fore 
and  aft  direction. 

—  m  =  2rrt'+2Tt 
I 

Where  r'  and  r  are  shearing  stresses  at  X  and  Z  respectively. 

And,  in  order  that  the  resultant  unbalanced  force  due  to  the 
varying  bending  moment,  and  the  resultant  shearing  force  in  the 
part  under  consideration  be  in  same  straight  line  (i.e.  for  non- 
existence of  a  couple). 

Where  i—  moment  of  inertia  of  the  area  WXYZ  about  the 
neutral  axis. 

y  and  y'=  the  distance  of  Z  and  X  below  the  neutral  axis 
respectively. 

From  these  two  equations,  the  shearing  stresses  in  the  inner 
and  outer  bottoms  were  found. 

(3).    Experiments  with  wooden  beams. 
For  the  purpose  of  verifying  the  method  of  calculation  for 
bilge  platings,  I  made  experiments  with  two  wooden  beams.  The 
section  of  the  wooden  beams  was  as  shown  in  fig.  4.    These  beams 
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were  built  of  wooden  battens  which  were  securely  cemented 
together. 

The  beams  were  supported  at  both  ends  with  a  span  of  24 
inches  and  loaded  at  centre.  With  a  load  of  1232  lbs.  for  one  and 
1210  lbs.  for  the  other,  fracture  began  to  appear  in  top  and  bottom 
seams,  while  there  was  no  sign  of  weakness  in  the  seams  at  the 
middle  of  depth. 

The  shearing  stresses  at  the  top  and  bottom  seams  as  calculat- 
ed under  my  assumption  was  316  lbs./D",  while  the  same 
calculated  by  the  ordinary  method  (taking  full  sectional  area  cut 
off  by  the  horizontal  plane  through  the  seams)  was  40  lb./d". 
The  shearing  stress  in  the  seams  at  the  neutral  axis  was  339 
lb./d".  Theaefore,  if  the  ordinary  method  were  correct,  the 
beams  would  have  been  sheared  at  the  neutral  axis.  But  the 
experiments  showed  otherwise.  My  argument,  therefore,  is  not 
disproved  by  the  experiment. 

(4).    General  Conclusion. 

It  is  a  well  known  phenomenon,  that  in  not  very  rare  cases, 
the  seams  of  bilge  plating  of  iron  ships  as  well  as  of  wooden  ships 
are  subjected  to  the  severest  stress.  This  has  been,  so  far,  at- 
tributed to  the  shearing  stress  which  appears  in  case  of  heavy 
rolling,  when  the  neutral  axis  might  happen  to  pass  through  bilge 
plating.  But,  according  to  my  experience,  the  weakness  in  bilge 
plating  has  sometimes  been  observed  even  in  boats  of  limited 
service,  which  have  never  been  subjected  to  heavy  rolling. 

From  the  stress  diagram  in  fig.  2,  it  will  be  seen  that  the 
shearing  stress  in  bilge  plating  does  not  fall  of  sensibly.  More- 
over this  plating— especially  at  the  seams — is  generally  subjected 
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to  corrosion  on  the  inside  and  to  wearing  on  the  outside.  These 
two  causes  may  explain  the  weakness  in  bilge  plating. 

It  will  be  observed  that  the  heavier  the  double  bottom  is 
constructed,  the  severer  will  the  bilge  plating  be  strained.  There- 
fore, it  seems  that  some  distinction  for  the  strength  of  bilge 
plating  must  be  made  in  one  way  or  another,  between  ships 
having  double  bottom  and  those  with  ordinary  floor. 

Also,  it  will  be  seen  that  in  the  inner  bottom  and  in  the 
main  deck  plating,  the  shearing  stress  is  comparatively  low. 
Therefore,  double  rivetted  seams  may  not  be  necessary  for  them. 
The  British  Corporation  Rules  have  already  given  practical  atten- 
tion to  this  consideration. 

Needless  to  say,  these  inferences  have  been  arrived  at  from  a 
pure  theoretical  point  of  view.  In  actual  ships,  the  mode  of  dis- 
tribution of  stresses  would  be  very  complicated  and  moreover  a 
part  of  the  shearing  force  would  be  shared  by  transverse  members. 
The  true  quantitative  values  of  shearing  stresses  can  be  found  only 
by  actual  observations  in  a  ship.  I  desire  to  emphasize  the  neces- 
sity of  actual  measurements  of  strain  in  ships  for  the  further 
develpment  of  naval  architecture. 

II.    Approximate  Formula  for  Maximum  Shearing  Stress. 

In  estimating  the  maximum  shearing  stress  in  a  plate  girder, 
civil  engineers  generally  calculate  it,  as  if  the  whole  shearing  force 
were  uniformly  distributed  over  the  web.  I  apply  the  same 
principle  for  estimating  the  maximum  shearing  stress  in  a  ship. 

Consider  an  ideal  ship  having  hollow  rectangular  section  as 
shown  in  fig.  5.    For  such  a  ship. 

m    ay+^ay 

1      2(ays  +  W) 
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where       2a  =the   sectional  area  of  the  top  or  bottom 
member. 

2a'=the  sectional  area  of  the  vertical  member  on 
one  side. 

Therefore, 


m 

IT 


2y{a  +  $a')      2y  V      2  a  A        a  J  2y 


Max  shearing  stress  =  ^~^-=C 


=  C- 


2£.I  1yM 
shearing  stress 


2  x  thickness  of  side  plating  x  depth  of  ship. 

of 

where  C  is  a  constant  d  pending  upon  the  ratio  — 

a 

In  the  case  where  a  is  less  than  or  nearly  equal  to  a  (this  is 
the  case  for  ships  of  ordinary  construction),  the  constant  C  will  be 
very  near  to  1.  This  I  have  tested  by  taking  the  following 
examples  from  actual  ships,  with  the  results  given  in  the  following 
table. 


Items. 


Ships. 


Tenyo  maru 

53(/x65'X45'. 

Xiigata  Maru. 

Kuahiro  Maru. 

Kasuga. 

Mikasa. 

Chitose. 

Otowa. 

UjL 

Harusame. 


Transpacific  liner 
Transatlantic  liner 

Cargo  steamer  

Mixed  steamer  

Armoured  cruiser... 

Battle  ship   

2nd  class  cruiser  ... 
3rd  class  cruiser  ... 

Gunboat  

T.B.  Destroyer  


Max.  shearing  stress. 


By  exact  formula. 


Fx  0.00156 
Fx  0.00149 
FX  0.00397 
Fx  0.00592 
Fx  0.00228 
Fx  0.00144 
Fx  0.00400 
Fx  0.00476 
FX  0.01 190 
F  X  0.02250 


By  approximate 
formula  with  0  =  1, 


FxO.00110 
Fx  0.001 24 
FX  0.00326 
Fx  0.00443 
Fx  0.00 1 
FX  0.001 13 
Fx  0.00237 
Fx  0.00303 
FX0.0103 
Fx  0.0194 


Coefficient  C. 


1.43 
1.20 
1.22 
1.34 
1.31 
1.27 
1.61 
1.57 
1.15 
1.16 
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Thus,  for  actual  ships  the  constant  C  varies  in  a  narrow  range 
1.2-1.6.  Therefore,  this  formula  may  be  used  with  fair  approxi- 
mation for  estimating  the  maximum  shearing  stress  in  a  ship. 

In  concluding  this  paper,  I  have  to  express  my  thanks  to 
Mr.  Takahashi,  a  student  of  the  Engineering  College,  who  has 
helped  me  in  calculating  the  values  of  the  constant  C  for  several 
ships. 
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I.  INTRODUCTION. 

The  nature  of  segregation  of  silver  in  silver-copper  alloys  has 
several  times  been  the  subject  of  useful  investigations.  In  1890, 
Dr.  Koga  and  the  author*  studied  the  fineness  of  the  One  Yen 
Bilver  coin  of  900  standard,  and  determined  a  method  of  taking 
an  assay  sample  from  that  coin.  This  method  of  sampling  has 
since  been  adopted  for  similar  coins  at  certain  mints,  as  at  London 
and  Bombay. 

Messrs.  Milne  and  Bourkef  made  similar  investigations  on  the 
Straits  Settlements'  Dollar  and  confirmed  our  experiments.  Their 
researches  were  extended  to  the  Rupees  of  916.6  standard,  cut  out 
of  the  fillet  in  two  rows,  and  showed  that  a  circular  piece  punched 
from  the  center  of  the  coin  may  be  considered  a  sufficient  assay 
sample  for  practical  purpose. 

It  is  the  object  of  the  present  paper  to  describe  certain  investi- 
gations on  50-Sen  silver  bars  of  800  standard,  which  may  be  of 
interest  in  the  operation  of  the  mint. 

*  Y.  Koga  and  O.  Yamagata,  "On  the  Fineness  of  One  Yen  Silver  Coin,"  Memoires  of  Thfl 
Science  Department,  Tokyo  University,  1890. 

t  A  Milne,  Lieut.  Colonel,  T.M.S.  and  J.  J.  Bourke,  Captain,  J. M.S.  "The  Method  of  Sampl- 
ing Silver  Coins  in  Indian  Mints,"  Bombay  Mint,  190i. 
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A  brief  statement  of  the  method  of  coining  50-Sen  pieces  may 
not  be  out  of  place  here.  About  200  kg.  of  silver  alloy  melted 
in  a  crucible  is  ladled  out  and  poured  into  iron  moulds,  granulated 
assay  samples  being  taken  from  the  top  and  the  middle  parts  of 
the  pot.  Two  bars  are  usually  cast  from  one  ladle.  The  top  end, 
measuring  2  to  3  cm.,  is  cut  oft'  from  the  bar,  which  is  then  gradually 
rolled  down  to  the  thickness  of  the  coin,  being  once  annealed  when 
it  has  been  reduced  to  about  one  half  of  the  original  thickness. 
Blanks  are  cut  out  of  the  fillet  in  two  rows,  and  are  rimmed, 
annealed  and  pickled  before  being  sent  to  the  coining  press. 

Table  I. 


Dimensions  of  50-Sen  Silver  Bar,  Fillet  and  Blank. 


Length. 

Breadth  or 
Diameter. 

Thickness. 

in. 

mm. 

mm. 

Bar 

0.584 

49.20 

11.88 

Fillet 

3.480 

56.60 

1.73 

Blank 

27.27 

1.73 

II.    FINENESS  OF  FILLET. 

Two  bars  A  and  B  cast  out  of  one  ladle,  at  the  middle  part  of 
185  kg.  pot,  weighed  3.50  and  3.41  kg.  respectively,  They  were 
rolled  down  to  the  thickness  of  the  coin,  without  cutting  off  their 
top  ends. 

The  two  fillets  were  cut  at  top-end,  top,  middle  and  bottom 
into  seven  equal  strips,  a  to  g,  the  strips  a  and  y  being  subdivided 
into  halves.  The  results  of  assays  of  all  these  strips  are  given  in 
Table  II,  the  pot  assays  being  798.4  and  708.5  and  the  ladle- 
assay  708.0. 
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Table  II. 


Fineness  of  Fillets. 


Top  End. 

Top. 

Mid. 

Bot. 

— 15  cm.  

-■>--<  171  cm.    ->--<-    ltll  cm. 

— >_  -<  10  cm  ->- 

Fillet  a 

797.4 

I  ) 

1  JO.O 

7Q7  1 

798.0 

707  l\ 

7Q7  ft 

7Q7  ft 

7QH  9, 

1  t70.*j 

b 

A 

800.1 

 j  - 

797.2 

797.6 

798.1 

797.9 

c 

801.2 

799.0 

798.7 

798.9 

797.8 

d 

800.8 

800.0 

800.5 

799.1 

797.8 

e 

799.9 

800.4 

798.9 

1 

1  799.2 

1 

797.(5 

f 

799.2 

798.6 

797.8 

798.5 

797.6 

9 

797.7 

797.7 

798.0 

i 

798.0 

798.1 

796.3 

797.7 

797.6 

Average 

799.5 

798.5 

798.4 

798.5 

797.8 

■< — 15  cm.  

171  cm. 

 >- 

Fillet  a 

799.2 

797.0 

797.4 

797.5 

797.6 

797.2 

797.9 

b 

B 

801.7 

799.8 

797.6 

797.6 

c 

  - 

804.0 

800.8 

798.5 

797.4 

d 

803.4 

801.1 

801.5 

797.5 

e 

801.8 

799.6 

799.8 

797.8 

f 

800.1 

797.9 

797.6 

797.9 

9 

797.2 

i  797.6 

798.1 

797.7 

796.6 

,  797.3 

797.3 

Average 

801.1 

799.1 

798.6 

797.7 

The  fillet  A  was  further  assayed  in  the  same  way,  at  nine  other 
equidistant  parts,  and  the  results  together  with  those  given  in  the 
above  table  are  shown  by  Fig.  1,  (Plate  I.)  which  is  drawn  on  the 
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supposition  that  the  fillet  was  restored  to  the  original  form  of  the 
bar.  From  this  figure,  the  curves  of  fineness  of  the  bar  may  be 
drawn,  as  shown  in  Fig.  2,  Plate  I. 

Further  experiments  were  made  on  the  five  bars,  6yto  G,  from 
different  parts  of  different  charges  of  the  pot,  Pot  and  ladle  assays 
for  these  bars  are  given  in  table  III. 


Tabus  III. 
Pot  and  Ladle  Assays. 


Bars 

G 

I) 

E 

F 

G 

Pot  Assay 
Ladle  Assay 

798.8 
798.9 

799.0 
798.9 

799.0 
799.1 

799.0 
799.0 

798.7 
799.3 

These  bars,  with  the  top  ends  cut  off,  were  rolled  in 
"way;  and  assays  were  made  on  nine  equal  strips  taken 
middle  and  bottom  of  the  finished  fillets,  with  the  results 
table  IV. 

Table  IV. 

Fineness  of  Fillet  at  Top,  Middle  and  Bottom. 


the  usual 
from  top, 
shown  in 


G 

First  Bar  from  the  First 
Charge. 


Average 


Top. 

Mid. 

Bot. 

a 

797.4 

797.7 

798.1 

b 

798.5 

798.3 

798.4 

c 

799.2 

799.1 

798.4 

d 

800.3 

800.4 



798.3 

e 

801.0 

801.9 

798.5 

f 

800.8 

799.6 

798.5 

g 

799.6 

798.0 

798.3 

h 

798.2 

798.3 

798.5 

i 

797.4 

798.0 

798.1 

ise 

799.2 

799.1 

798.3 
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D 

First  Bar  from  the  Second 
Charge. 


a 

797.6 

798.1 

797.6 

b 

798.1 

797.8 

798.2 

c 

799.3 

^99.0 

798.0 

d 

800.4 

801.9 

798.1 

e 

801.2 

802.3 

798.0 

f 

801.0 

800.3 

798.0 

9 

799.7 

798.7 

798.0 

h 

798.0 

798.1 

798.0 

% 

797.5 

797.7 

798.0 

ige 

799.2 

799.3 

798.0 

Bar  from  Middle  Part 
of  the  Second  Charge. 


F 

Last  Bar  from  the  Second 
Charge. 


a 

797.4 

b 

798.1 

c 

P7nn  a 
799.0 

d 

800.0 

e 

800.6 

i 

800.0 

799.5 

h 

798.2 

i 

797.3 

ige 

798.9 

a 

797.8 

b 

798.6 

c 

800.1 

d 

801.3 

e 

801.9 

f 

801.0 

9 

799.2 

h 

798.1 

i 

797.3 

799.0 


798.3 


Average  799.5 


799.8 


799.1 


1915 


<  )saniu  Yauiaguta  : 


G 

Last  Bar  from  the  Third 
Charge. 


a 

798.2 

797.8 

7. 

u 

799.1 

798.4 

c 

801.0 

798.8 

d 

801.8 

801.6 

e 

801.0 

803.4 

f 

800.1 

799.9 

9 

799.2 

798.7 

h 

797.8 

798.G 

i 

797.3 

798.1 

•age 

799.5 

799.5 

798.8 


HI.   FINENESS  OF  BLANK. 

The  fineness  of  the  blanks  cut  out  of  the  three  fillets,  C,  I)  and 

E,  was  calculated  by  Milne  and  Bourke's  method,  that  is,  by 

adding  the  products  of  the  area  of  blank  segments  into  the  fineness 

r-(  0rc        .  A 

of  the  respective  zones.     Area  of  a  segment  =  ^vascT-  sm  9 J* 


where  0  =  number  of  degrees  of  the  angle  subtended  by  the  arc  of 
the  segment  at  the  center  of  the  circle  with  radius  r.  When  r  =  1 . 
the  area  of  the  segments  in  Fig.  3  will  be  as  shown  in  Table  V. 


Table  V. 
Area  of  Segments  of  Blank. 


Fig.  3. 


Segments. 

Area. 

Proportion. 

c 
d 

a  or  i 

0.295 

0.09 

b  or  h 

0.795 

0.25 

e 

c  or  g 

0.917 

0.29 

f 

d  or  / 

0.812 

0.26 

9 

e 

0.323 

0.11 

h 

/ir2 

3.142 

1.00 

i 

(    JW  \ 

\  J 
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Table  VI. 

Calculation  of  Fineness  of  Blanks  R  &  Lfrom  Top  Part  of  the  Fillet  C. 
Blank  22.  Blank  L. 


a 

797.4  x 

.09 

=  71.8 

e 

801.0  x  .11 

=  88.1 

b 

798.5  x 

.25 

=  199.6 

f 

800.8  x  .26 

=  208.2 

c 

799.2  x 

.29 

=  231.8 

9 

799.6  x  .29 

=  231.9 

d 

800.3  x 

.26 

=  208.1 

h 

798.2  x  .25 

=  119.5 

€ 

801.0  x 

.11 

=  88.1 

i 

797.4  x  .09 

=  71.8 

Total 

799.4 

Total 

799.5 

It  may  seem  rather  rough  to  take  the  fineness  of  the  zone 
directly  for  that  of  the  segment.  But  the  assumption  was  thought 
sufficient  for  practical  purpose,  considering  that  the  deficiency  in 
segments  d  and  e  may  be  supplied  by  the  surplus  in  b  and  a. 
The  slight  difference  of  thickness  of  a  fillet  at  its  different  parts, 
treated  in  Appendix  2  (p.  210),  is  neglected  here  and  in  the  follow- 
ing calculations. 

Fineness  of  the  blanks  cut  from  top  and  middle  parts  of  the 
fillets,  C,  I)  and  JE,  calculated  in  the  same  way,  is  given  in  Table 
VIII.  (p.  100) 

IV.    METHOD  OF  SAMPLING  THE  COIN. 

(Jui1  method  of  sampling'One  Yen  silver  coin  has  also  been 
applied,  at  this  Mint,  to  50-Sen  silver  coin.  The  sample  consists 
of  three  equal  circular  punchings  taken  from  the  angles  of  an 
equilateral  triangle  described  in  a  concentric  circle  of  five  sevenths 
of  the  coin's  diameter. 

To  confirm  this  method,  the  fineness  of  the  top  and  middle 
parts  of  the  fillet  C  are  represented  by  steps  in  Fig.  4,  (plate  II) 
from  which  the  curves  of  fineness  were  drawn  as  shown  by  thick 
broken  lines. 
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The  approximate  fineneste  of'a  circular  punching  may  be  found 
by  drawing  a  longitudinal  line  from  its  center  to  the  curve  of 
fineness.  By  taking  the  average  fineness  of  three  punching*  in 
four  sets,  a,  b,  c  and  d,  the  fineness  of  the  blanks,  It  and  L,  at  top 
and  middle  of  the  fillet,  is  obtained  as  follows  : 

Table  VII. 


Fineness  of  Samples. 


Blank. 

Punchings. 

Top. 

Middle. 

a'  or  d'" 

798.2 

798.0 

a '  or  d 

son  a 

rod  (\ 

a'"  or  d' 

799  ri 

799.5 

R 

Average 

799.4 

799.4 

b'  or  c'" 

798.5 

798.2 

b"  or  c" 

800.7 

801.2 

b    or  c 

798.9 

798.7 

Average 

799.4 

799.4 

a' 

801.0 

800.G 

a" 

798.4 

798.3 

a'" 

798.4 

798.3 

Average 

799.3 

799.1 

b'  or  d'" 

800.8 

800.2 

L 

b"  or  d" 

797.9 

798.2 

b"'or  d' 

799.6 

798.6 

Average 

799.4 

799.0 

c' 

800.7 

799.2 

c" 

797.7 

798.2 

c'" 

800.7 

799.2 

Average 

799.7 

798.9 

Average  fineness  of  the  hlanks  from  the  fillets,  D  and  E,  was 
computed  in  the  same  way,  and  all  these  results,  compared  with 
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the  calculated  total  fineness,  as  well  as  with  the  fineness  of  the 
center  of  the  blank,  are  shown  in  Table  VIII. 

Table  VIII. 


Fineness  of  the  Sample,  Calculated  Total  Fineness 
and  Fineness  of  Blank  Center. 


Calculated 

Sample  Fineness. 

Fineness  at 

Fillet. 

Total 

1^ i_\y-i  tot*  r\T 

Fineness. 

a 

b 

c 

d 

Blank. 

(R 

799.4 

799.4 

799.4 

799.4 

799.4 

799.2 

799.5 

799.3 

799.4 

799.7 

799.4 

799.6 

O 

(B 

799.4 

799.4 

799.4 

799.4 

799.4 

799.1 

Mid.  { 

\L 

799.1 

799.1 

799.0 

798.9 

799.0 

798.6 

(R 

799.3 

799.1 

799.0 

799.0 

799.1 

799.0 

Top  { 

\L 

799.6 

799.1 

799.2 

799.1 

799.2 

799.5 

D 

(R 

799.7 

799.8 

799.4 

799.4 

799.8 

798.9 

Mid.  { 

XL 

799.3 

799.1 

799.1 

798.9 

798.9 

798.2 

(R 

799.1 

799.4 

799.2 

799.2 

799.4 

799.3 

Top  [l 

799.2 

799.1 

798.9 

799.8 

798.9 

799.7 

E 

(R 

799.7 

800.0 

799.7 

799.7 

800.0 

799.0 

Mid.  { 

\l 

798.8 

799.3 

799.3 

799.1 

799.3 

798.7 

V.   BLANK  AND  SC1SSEL. 

The  ratio  of  the  blank  to  the  scissel  in  a  50-Sen  fillet  is  shown 
in  Fig.  5,  where  the  breadth  of  fillet  is  5G.0  mm,  the  diameter  of 
blank  is  27.27  mm.,  and  the  smallest  margin  left  between  the 
adjacent  blanks  is  1.45  mm. 
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Fig.  5. 


Area  of  scissel  is  obtained  by 
subtracting  the  area  of  the  two  blanks 
from  tbe  area  of  this  piece  of  the 
fillet,  and  area  of  scissel  in  a  strip 
by  subtracting  the  area  of  segment  of 
the  blank  in  the  strip  from  the  area  of 
that  strip. 


Table  IX. 
Area  of  Blank  and  Scissel. 


Denomination. 

Area  in  .?q.  mui. 

Fillet 

Two  Blanks 

Scissel 

Strip 

56.6  (27.27  +  1.45)  =  1625.5 
2- (13.635)-          =  1168.2 
1625.5-1168.2     =  457.3 
1625.5-5-9            =  180.6 

Now  taking  the  average  of  fineness  of  top  and  middle  of  the 
three  fillets,  C,  D  and  E,  at  each  of  the  nine  strips,  we  get  an  ideal 
fillet.  From  this  fineness  and  the  proportional  area  of  blank  and 
scissel  in  each  strip,  the  fineness  of  the  blank  and  scissel  was 
calculated,  with  results  shown  in  Table  X,  area  of  segment  of  the 
blank  liaving  been  calculated  from  the  proportional  area  of  Fig.  ?>. 
(p.  19G) 


On  the  Fineness  of  800  Standard  Silver  Bar.  201 

Table  X. 


Calculation  of  Fineness  of  Blank  and  Scissel. 


Area  in  sq.  mm. 

Proportion 
of  Area. 

Fineness 

Proportion  of 
Fineness. 

Strip. 

of  Ideal 

Blank. 

Scissel. 

Blk. 

Scl. 

Fillet. 

Blank. 

Scisfel. 

a 

64.2 

116.4 

.039 

.072 

7Q7  (\ 

31.11 

57.43 

b 

151.9 

28.7 

.093 

.01b 

798.1 

H  A  act 

74.22 

1  A  OT 

14.3f 

c 

169.4 

11.2 

.105 

.006 

799.1 

83.91 

4.79 

a 

1  in  A 

146.0 

34.6 

.090 

.021 

800.8 

72.07 

16.82 

e 

105.2 

75.4 

.065 

.047 

801.5 

52.10 

37.67 

f 

146.0 

34.6 

.090 

.021 

800.2 

72.02 

16.80 

g 

169.4 

11.2 

.105 

.006 

799.0 

83.89 

4.79 

h 

151.9 

28.7 

.093 

.018 

798.1 

74.22 

14.36 

. 

64.2 

116.4 

.039 

.072 

797.5 

31.10 

57.42 

Total 

1 168.2 

457.2 

.719 

.281 

7191.9 

574.63 

224.46 

-*-9 

-5- .719 

-5- .281 

Average  Fineness 

799.1 

799.2 

798.5 

VI.    LOSS  IN  ANNEALING. 

A  certain  quantity  of  50-Sen  blanks  taken  from  daily  products 
were  cleaned  from  oil  and  dirt,  then  annealed  in  a  gas  furnace 
and  pickled  in  hot  dilute  sulphuric  acid,  in  the  usual  way.  Av- 
erage ioss  of  weight  in  cleaning  was  0.25,  and  in  annealing  and  pick- 
ling, 0.50  per  mil.  The  latter  loss  may  he  regarded  as  consisting 
of  copper  only,  which  was  oxidised  in  fire  and  dissolved  by  acid, 
disregarding  an  insignificant  quantity  of  the  oxygen  in  copper  oxide 
previously  formed  in  the  annealing  of  the  bar.  By  this  surface 
decomposition,  the  blank  is  enriched  in  silver  by  0.4  per  mil,  thus,. 

800       _  800.4 
1000-0.5      1000  ' 

l 
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VII.  CONCLUSIONS. 

1.  The  fineness  of  a  bar  is  highest  near  its  central  longitudi- 
nal line  and  gradually  lowers  towards  both  sides.    Tables  II  &  IV. 

2.  Top  end  of  a  bar  is  considerably  rich  and  irregular  in 
fineness.  At  least  2  cm.  of  the  top  should  be  cut  off  from  the  bar. 
Table  II  and  Fig.  1. 

3.  Bottom  of  a  bar  is  considerably  poor,  but  regular  in 
fineness.  A  small  portion  of  the  bottom  should  be  better  cut  off 
from  the  finished  fillet.    Table  II  &  IV. 

4.  Average  fineness  at  all  the  remaining  parts  of  the  fillet 
is  practically  uniform,  and  conforms  also  to  the  pot  assay.  Fig.  1, 
and  Table  II,  III  and  IV,  C,  D  &  E. 

5.  The  fineness  of  the  bar  cast  from  the  very  bottom  of  a  pot 
is  irregular  and  considerably  higher  than  the  pot  assay.  Table 
IV,  F&G. 

G.  Our  method  of  sampling  a  coin  by  three  punchings,  as 
applied  to  50-Sen  silver,  gives  better  results  than  the  Indian 
method  of  sampling  by  a  central  punching.  Table  VIII. 
Moreover,  when  repetition  of  assay  is  required,  the  second  or  the 
third  sample  can  be  readily  taken  by  our  method,  while  by  the 
Indian  method,  it  is  necessary  to  roll  out  the  annulus,  clip  it  into 
fine  bits  and  take  the  mean  of  duplicate  assays  of  the  fragments. 

7.  Average  fineness  at  different  stages  of  50-Sen  coinage  is 
as  follows.    Tables  III  &  X. 

Pot  Assa3Tt       Fillet.       Scissel.       Blank.  Coin. 
798.9  799.1         798.5        799.2        799.6  ,  . 

Assays  of  silver  of  the  above  experiments  were  made  by  Gay 
Lussac's  volumetric  method  using  Stas  pipette,  in  the  usual  way. 
These  assays  were  mostly  done  by  Messrs.  B.  Imada  and  K. 
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Kishimoto,  Assistant  Assayers,  under  supervision  of  Dr.  Y.  Koga, 
Superintendent  of  Assay  Department  ;  to  all  them  are  due  the 
author's  hearty  thanks.  : 


204 


Ostium  Yaniagatii : 


APPENDIX. 

1.   On  the  Ratio  of  Blank  to  Scissel. 

The  proportion  of  coins  turned  out  of  the  bar  depends  chiefly 
upon  the  ratio  of  the  blank  to  the  scissel.  Blanks  are  cut  out  of 
the  fillet  in  one  or  more  rows,  as  shown  by  Figs.  6,  7  &  8. 

Fig.  0. 


3 

rj  .  J 

m 

/ 

yak 

i 

H  

Fig.  8. 


n 

x, — 

f  * 
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Let  r=radius  of  the  blank, 

«=shortest  margin  left  between  the  adjacent  blank:.,  and 
£=shortest  margin  left  between  the  blank  and  the  fillet  edge. 

The  ratios  of  blank  to  scissel  are  : 

for  one  row,    Fig.  6, 

for  two  rows,    Fig.  7, 
and  for  three  rows,    Fig.  8, 

.^upposel?'  —1,  and  a  &  b  =0,  the  percentage  of  blank  and  scissel 
will  be  as  follows  : 


One  Row. 

Two  Rows. 

Three  Rows. 

Blank 

78.54 

84.18 

86.24 

Scissel 

21.40 

15.82 

13.76 

From  the  above  figures,  it  is  evident  that  the  proportion  of 
the  out-put  of  blanks  is  increased  by  :  (1)  increasing  the  diameter 
of  the  blank  without  changing  the  margins  a  and  b,  (2)  increasing 
the  number  of  rows  of  blanks  cut  in  a  fillet,  and  (3)  diminishing 
the  margins,  a  and  b. 

Silver  blanks,  larger  than  about  35  mm.  in  diameter,  should 
be  cut  in  one  row,  in  order  to  keep  the  fineness  within  the  legal 
remedy.  Even  gold  bars,  when  enlarged  in  width,  have  the 
homogeneity  of  fineness  impaired.  The  author  has  declined  to  cut 
20-Yen  gold  blanks  of  28.8  mm.  diameter  in  two  rows,  having 
found  that  the  range  of  fineness  of  the  coins,  above  or  below  the 
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standard,  was  considerably  enlarged,  as  compared  with  those  cut 
in  one  row,  although  the  fineness  never  exceeded  the  legal  limit. 

20-Sen  silver  blanks  of  20.3  mm.  diameter,  800  fine,  are  cut 
in  two  rows.  The  legal  remedy  of  fineness  being  3  per  mil,  they 
can  not  be  cut  in  three  rows,  because  the  central  row  will  be  too 
rich  in  silver,  as  shown  in  Table  II  &  IV.  10-Sen  silver  blanks 
of  17.0  mm.  diameter,  720  fine,  are  cut  in  three  rows,  although  the 
legal  remedy  of  fineness  is  also  3  per  mil,  because  these  bars  are 
very  homogeneous,  the  composition  being  very  near  to  Levol's 
alloy. 

The  bars  of  bronze  or  nickel  bronze,  of  which  legal  remedy 
of  fineness  is  usually  neglected,  may  have  their  breadth  extended 
as  far  as  the  capacity  of  the  rolling  mill  allows,  and  the  blanks 
may  be  cut  in  as  many  rows  as  are  suitable  for  the  punching 
press.  5-Sen  nickel  bronze  and  1-Sen  bronze  are  cut  in  three 
rows,  and  5-Rin  bronze  in  four  rows. 

The  margins  a  and  b  can  be  minimized  by  using  an  accurate 
cutting  machine,  upon  bars  of  excellent  quality.  Some  bars  con- 
taining certain  impurities  break  at  their  sides,  resulting  in  fillets 
with  serrated  edges.  This  is  often  the  case  with  5-Sen  and  10-Sen 
bars,  and  sometimes  with  000  gold  and  800  silver.  These  bars  are 
usually  made  extra-wide,  in  order  to  provide  for  occasional  occur- 
rence of  the  serrations.  One  of  the  most  effective  methods  to  over- 
come this  difficulty,  without  changing  the  quality  of  the  alloy,  is 
to  change  the  construction  of  the  mould.  The  improved  mould 
consists  of  two  grooved  pieces,  united  together  as  shown  by  Fig.  10, 
instead  of  one  grooved  piece  lapping  the  plane  face  of  the  other,  as 
Fig.  9  of  the  older  type. 
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Transversal  Section  of  50— Sen  Mould. 

Fig.  9.  Fig.  10. 

Old  Type.  New  Type. 


When  the  new  type  of  mould  was  first  applied  to  the  5-Sen 
nickel,  in  1890,  non-brittleness  of  the  bar  was  attributed  to  non- 
access  of  air  to  the  edges  while  easting,  and  consequent  less  oxida- 
tion and  less  sudden  cooling  of  these  parts.  It  was  next  applied  to 
the  gold  bar,  in  1897,  with  the  object  of  minimizing  its  breadth, 
and  the  resulting  fillet  edges  were  smoother  than  the  old  bars.  In 
1910  the  new  type  was  applied  to  the  10-Sen,  whereby  the  edge 
breakage  so  often  met  with  in  the  fillet  has  been  almost  entirely 
avoided.  50-Sen  mould  has  been  lately  altered  in  the  same  way, 
slightly  reducing  its  breadth,  as  shown  in  Figs.  9  &  10. 

The  groove  of  a  mould  is  usually  made  slightly  obtuse-angled, 
in  order  to  facilitate  the  removal  of  the  bar  from  it,  hence  the 
transversal  section  of  the  old  bar  is  somewhat  truncated-triangular. 
Both  sides,  of  such  a  bar  will  suffer  less  rolling  pressure  and 
consequently  undergo  less  elongation,  than  its  main  body, 
resulting  in  a  zigzag  edged  fillet.  Similar  results  have  been  often 
observed  in  bars,  imperfectly  filed  at  edges.    Such  irregularity  of 
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parts  is  greatly  reduced  in  bars  cast  in  the  new  mould,  and  this 
seems  to  be  the  chief  cause  of  non-breakage  of  the  edge. 

2.   On  Rolling  Mills. 

One  of  the  most  important  pieces  of  machinery  in  the  mint 
is  the  rolling  mill,  upon  the  accuracy  of  whose  working  chiefly 
depends  the  production  of  coins  of  good  weight.  The  rolling  mill 
now  used  in  this  mint  comprises  the  following  kinds,  all  indivi- 
dually driven  by  electric  motors. 

Table  XI. 


Rolling  Mill  of  the  Mint. 


Mills--. 

Rolls. 

Motors. 

No. 

Kind. 

Housing. 

Diam. 

Width. 

Rev.  P.  M. 

H.  P. 

Rev.  P.  M. 

Gold  Boom. 

mm. 

mm. 

1 

Break-down 

Single 

254. 

317. 

40. 

50. 

850. 

1 

Middling 

254. 

216. 

45. 

40. 

550. 

1 

jj 

?> 

254. 

317. 

45. 

15. 

550. 

4 

Finishing 

165. 

182. 

60-75. 

5. 

850. 

Silver  Boom. 

1 

Break-down 

Double 

355. 

322. 

30. 

50 

800. 

1 

Middling 

>> 

254. 

317. 

40. 

30. 

1000. 

1 

>> 

254. 

317. 

54. 

10. 

700. 

3 

Finishing 

Single 

165. 

182. 

62. 

5. 

850. 

Bronze  Boom. 

1 

Break-down 

Double 

355. 

322. 

28. 

80. 

700. 

1 

Middling 

355. 

322. 

30. 

50. 

800. 

1 

Finishing 

97 

355 

322. 

40. 

30. 

1000. 

1 

>  > 

Single 

254. 

387. 

64. 

15. 

600. 
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Rolls  of  the  gold  and  silver  finishing  mills  are  of  hardened 
steel,  while  all  the  rest  are  of  chilled  cast  iron.  In  these  finishing 
mills,  one  roller  of  the  pair  is  geared  to  the  motor,  while  the  other 
is  left  idle,  revolving  by  the  passage  of  the  fillet. 

The  electric  motor  of  220  volt  direct  current,  for  each  of  the 
above  rolling  mills,  as  designed  by  Prof.  E.  Aoyagi  of  the 
Imperial  University,  Kyoto,  is  of  cumulative  compound  wound 
type  with  a  heavy  fly-wheel  on  its  shaft,  so  constructed  that  the 
combination  of  the  compounding  and  the  fly-wheel  energy  acts  as 
a  constant  current  regulator,  confining  the  current  fluctuation  and 
the  speed  drop  within  a  certain  range,  against  the  load  fluctuations 
of  the  mill.  In  the  80  and  50  H.  P.  bronze  mills,  a  second 
fly-wheel  is  attached  to  the  intermediate  shaft,  to  provide  for 
violent  fluctuations  of  load. 

The  break-down  and  middling  mills  of  the  Gold  Room  are  of 
a  new  construction.  They  are  coupled  to  the  motors  by  double 
reduction  gears,  with  tooth  wheels,  as  in  the  United  States  Mints. 
Steam  engines  for  the  silver  and  bronze  mills  have  been  recently 
replaced  by  electric  motors,  the  double  reduction  being  made  with 
double-helical  wheels  and  Renold  chain  wheels  (Fig.  17,  Plate  VI), 
as  in  the  Royal  Mint,  London.  Other  kinds  of  reduction  gears 
have  also  been  applied  to  the  finishing  mills  of  1G5  mm.  steel  rolls; 
such  as  single  reduction  by  worm  wheel,  and  double  reductions  by 
Renold  chain  wheels  and  by  belt  wheels.  In  each  case  no  special 
difference  has  been  observed  in  the  resulting  fillet,  as  well  as  in  the 
power  consumption,  provided  the  machinery  is  of  equal  quality. 

The  dimensions  of  a  50-Sen  fillet,  after  each  passage  between 
different  rolls,  as  measured  by  Mr.  S.  Yamada,  Accountant,  Rolling 
Room,  are  given  in  Table  XII;  the  original  bar,  weighing  3403 
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grams,  and  the  finished  fillet,  3401  grams,  are  illustrated  by  Figs. 
11  and  12  (Plate  111),  respectively. 

Table  XII. 


Dimensions  oj  a  SO—Sen  Fillet. 


Roll. 

Dimensions  after  each  Passage. 

No.  of 

Length. 

Breulth. 

Thickness. 

Passiige. 

No. 

Diaui. 

Actual. 

Dir. 

Actual. 

LJir. 

Actu  tl. 

Du. 

Orig 

uim. 

inal  Bar. 

620.4 

49.80 

12.16 

Ill  111. 

La 

355. 

l. 

685.0 

64.6 

50.60 

.80 

10.81 

1.35 

2. 

774.0 

89.0 

51.40 

.80 

9.46 

1.35 

3. 

830.0 

56.0 

52.00 

.60 

8.22 

1.24 

i 

4. 

982.0 

152.0 

52.50 

.50 

6.66 

1.56 

5. 

1236.0 

254.0 

53.40 

.90 

5.22 

1.44 

Anneald. 

l.b 

355. 

6. 

1382.0 

146.0 

53.50 

.10 

4.65 

.57 

7. 

1629.0 

247.0 

53.90 

.40 

3.93 

.72 

8. 

1971.0 

342.0 

54.40 

.50 

3.24 

.69 

9. 

2545.0 

574.0 

55.00 

.60 

2.49 

.75 

2.a 

254. 

10. 

2883.0 

338.0 

55.04 

.04 

2.19 

.30 

2.b 

254. 

11. 

3194.0 

311.0 

55.08 

.04 

1.97 

.22 

3.a 

254. 

12. 

3358.0 

164.0 

55.11 

.03 

1.87 

.10 

3.b 

254. 

13. 

3495.0 

137.0 

55.14 

.03 

1.80 

.07 

14. 

3587.0 

92.0 

55.16 

.02 

1.74 

.06 

4. 

165. 

15. 

3665.0 

78.0 

55.18 

.02 

1.71 

.03 

5. 

165. 

16. 

3692.0 

27.0 

55.20 

.02 

1.69 

.02 

A  slight  depression  is  usually  found  in  the  longitudinal  mid- 
dle parts  of  a  bar,  cast  in  a  mould  with  plane  faces,  as  in  Fig.  11. 
Such  depression  is  obliterated  by  passing  the  bar  between  the 
break-down  rolls.    By  the  succeeding  passages,  the  fillet  is  made 
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slightly  thicker  at  the  longitudinal  middle  parts,  gradually  thinning 
towards  both  sides  ;  but  the  average  of  thickness  of  any  transversal 
section  of  the  finished  fillet  is  uniform  throughout  the  whole 
length,  except  2  or  3  cm.  at  both  ends,  where  the  thickness 
decreases  towards  the  extremities,  as  shown  in  Fig.  12. 

3.   Internal  Fineness  of  50-Sen  Silver  Bar. 

To  study  the  condition  of  segregation  of  silver  in  the  interior 
of  a  coinage  bar,  a  portion  of  50-Sen  silver  bar  was  carefully  cut 
cross-wise  from  its  middle  part.  This  sample  piece  weighed  70.5 
grams  and  was  of  the  dimensions  as  shown  in  Fig.  13,  Plate  IV. 
This  piece,  with  its  top  upwards,  was  placed  between  two  plane 
blocks  of  hardened  steel,  and  was  given  a  number  of  heavy  blows 
by  means  of  a  screw  press,  being  annealed  several  times  during  the 
process,  in  a  covered  crucible  filled  with  bone-black,  to  prevent 
oxidation  of  its  surface.  The  oval  flat  piece  thus  obtained  was  cut 
into  45  parts  as  shown  in  Fig.  14.  in  which  the  results  of  assays 
made,  at  Assay  Department,  on  all  these  parts  are  also  shown. 
From  these  results  curves  of  fineness  were  deduced  as  in  Fig. 
15,  which  shows  approximately  the  segregation  of  silver  in  a  cross 
section  of  50-Sen  silver  bar.    (Sec  Fig.  2,  Plate  I). 

General  average  of  the  above  assays  is  701). 4(5  against  709.1, 
the  ladle  assay  of  the  bar  ;  this  difference  may  be  due  to  the  low 
fineness  of  the  remaining  cuttings  not  assayed,  which  amounted  to 
nearly  one  third  of  the  whole  sample.  It  is  also  noticeable  that 
the  higher  fineness  predominates  near  the  one  side  of  the  bar  ; 
this  may  be  due  to  the  higher  temperature  of  the  mould  on  that 
side,  and  consequent  slower  solidification  of  the  alloy. 

It  will  be  seen  from  the  above  results  (Fig.  14  &  15)  that  it  is 
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almost  impossible  to  determine  the  fineness  of  800  standard  coinage 
bar  by  the  cutting  assay-pieces.  For  this  reason  assay  is  usually 
made  on  a  sample  dipped  out  of  the  thoroughly  mixed  molten 
alloy  (before  being  cast  into  the  bar)  and  granulated  by  pouring 
into  water. 


TECHNICAL  TERMS  USED  AT  THE  MINT. 

Bar.      Long  rectangular  piece  of  coinage  alloy,  cast  in  a  mould. 

Syn.    Ingot  in  U.  S.  A. 
Fillet.    The  bar  after  having  been  passed  between  the  rolls. 

Syn.    Strip  in  U.  S.  A. 
Blank.  Circular  disc  cut  out  from  the  fillet. 

Syn.    Planchet  in  U.  S.  A. 
Scissel.  The  remaining  part  of  the  fillet  after  the  blanks  have  been 

cut  out. 

Syn.    Clippings  in  U.  S.  A. 
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September,  1913. 
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Fig.l.   Fineness  of  50-Sen  Silver  Bar,  A. 
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Fig.  2.  Curve  of  Fineness  of  the  above  Bar. 
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Fig.  4.   Curve  of  Fineness  of  the  Fillet  ,  C. 
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Fig.  11.  50  Sen  Silver  Bar. 
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Fig.  12.  Finished  Fillet  of  the  above  Bar. 
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Fig.  13.        Sample    Piece    cut   cross-wise  from 
50-Sen  Silver  Bar. 
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The  Relation  Between  the  Horse  Power 

and 

the  Weight  of  an  Engine. 

By 

Prof.  A.  Inokuty,  M.  E.,  Kogahuhalcushi. 


The  stress  at  a  point  in  a  section  of  a  machine  working  at  a 
steady  speed  is  made  up  of  two  parts;  one  part  is  the  stress  due  to 
the  useful  working  force  transmitted  through  the  section  and  the 
other  that  due  to  the  accelerating  force  arising  from  the  reciproca- 
tion or  rotation  of  the  mass  of  machine  parts.  The  power  exerted 
at  any  instant  by  a  reciprocating  engine  is  equal  to  the  product  of 
the  total  useful  stress  transmitted  through  a  cross  section  of  the 
working  part  and  the  velocity  of  that  section.  Divide  the  mean 
value  of  the  power  in  ft.  lbs.  per  sec.  for  one  complete  working 
cycle  of  the  engine  by  550  ft.  lbs.  per  sec.  ;  and  the  quotient  is  the 
so-called  horse  power  of  the  engine.  The  accelerating  force  due 
to  the  reciprocation  varies  conjointly  as  the  mass  of  the  moving 
part,  the  linear  dimension  of  the  reciprocation  or  the  stroke,  and 
the  square  of  the  number  of  revolutions  per  unit  time.  Since  the 
sum  of  the  useful  stress  and  the  acceleration  stress  must  necessarily 
be  limited  by  the  safe  stress  of  the  material,  there  exists  for  a  high 
speed  engine  of  a  given  type  a  certain  definite  speed  of  rotation 
for  which  the  horse  power  is  a  mnximum.  The  weight  of  an  engine 
evidently  varies  as  the  cube  of  linear  dimension ;  and  it  may  be 
shown  that  the  weight  per  horse  power  of  a  high  speed  engine 
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increases  as  the  linear  dimension  increases.    These  and  like  points 
may  be  discussed  in  the  following  manner. 
Let 

P  =  the  useful  load  transmitted  through  a  cross  section  of  the 
working  part  of  the  engine,  as  for  example  the  total  initial 
pressure  on  the  piston,  transmitted  through  the  piston  rod, 
connecting  rod,  and  crank. 
//  =  the  number  of  revolutions  per  unit  time. 

p=the  stress  due  to  P  on  a  particular  member  such  as  the  piston 
rod . 

Po=the  stress  due  to  the  accelerating  force  on  the  same  member. 
/=the  length  of  the  same  member  or  of  any  other  member;  for 
an  engine,  /  may  conveniently  be  taken  as  the  stroke  of  the 
piston. 

A=the  area  of  the  section,  at  a  point  of  which  the  stresses  p  and 

p0  act  in  the  same  direction. 
|0=the  density  of  the  material  of  which  the  engine  is  made ;  or 
weight  of  material  per  unit  of  volume. 

The  stress  due  to  the  acceleration  or  retardation  of  the  recipro- 
cating parts  is  expressed  by 

I  x  mass  x  n" 
n.=  const.  X  

■  A 
But  the  weight  or  mass  of  the  engine  may  be  expressed  by 

M  =  const./>/A 

=  c,"Z3   (1) 

where  c  is  a  constant  depending  on  the  type  of  the  engine.  Hence 

p^— canst,  pirl2 

=hpn-r-   *  (2) 

where  Jc0  is  a  constant  depending  on  the  mode  of  distribution  of  the 
mass  of  the  engine  parts.    It  will  be  the  smaller  the  better  the 
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design  of  the  engine.  Since  n  I  is  proportional  to  the  linear 
velocity,  the  above  equation  shows  that  the  stress  due  to  accelera- 
tion varies  as  the  square  of  the  piston  speed.  The  same  relation 
also  holds  for  the  stress  due  to  centrifugal  force  in  a  uniformly 
rotating  part  such  as  the  rim  of  a  flywheel,  it  being  expressed  by 
Po—Pv*',  where  v  is  the  linear  velocity  of  the  rim. 

The  stress  due  to  the  useful  load  on  the  engine  is  given  by 

P=*^r>      j  (8) 

where  k  is  another  constant  depending  on  the  mode  of  action  of 
the  load  P  and  also  on  the  form  of  the  engine  parts. 

Now  the  safe  stress  of  the  material  of  which  the  engine  is 
made  is  given  by 


so  that 


p 

f=P+Po=k-p-+hpriiP   (4) 


P=Uft2-h"n^);   (5) 

fc 


but  the  horse  power  of  the  engine  is 

HP=const  nl.  P  (6) 

Therefore 

BF=C(fnls-Jc0pn*F)  (7) 

Now  considering  the  speed  of  rotation  and  the  size  of  the  engine 
to  be  quantities  independent  of  each  other,  the  expression  above 
for  the  horse  power  becomes  maximum  in  two  different  cases. 

Case  1.  Considering  engines  of  different  sizes,  all  running 
at  a  given  number  of  revolutions  per  min.,  the  horse  power 
becomes  maximum  when 

C(3/,uJ  -  bkopnW)  =  0, 

etc 
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that  is,  when 

if=Kpri>P=P4   (8) 

The  corresponding  maximum  power  is 

max.  HP=|C/;iP  (9) 

Since  /</  is  proportional  to  the  linear  velocity  we  may  write  nl=k'v, 
where  h'  is  a  constant;  and  the  above  becomes 

max.  HP=|C  k'fl2v   (10) 

From  (8)  it  is  seen  that  for  maximum  power  at  a  given  speed  of 
rotation,  the  engine  should  be  so  designed  that  the  stress  due  to 
the  accelerating  force  shall  be  3/5th  of  the  working  stress  of  the 
material,  the  remaining  2/5th  only  being  that  due  to  the  useful 
working  load.  Eliminating  by  means  of  (8)  the  speed  of  rotation 
n  from  the  equation  (9),  we  obtain 

max.  HP=t(W*C^,   (11) 

which  is  of  the  same  form  as  the  equation  arrived  at  by  Mr. 
Lanchester  by  the  principle  of  dimension  equation. 

Case  2.  Considering  engines  of  the  same  dimensions 
running  at  different  speeds,  that  which  develops  the  maximum 
power  is  given  by 

^=C(//3-3Acon¥)=0, 
an 

that  is,  by 

^/=^s=p,   (12) 

The  corresponding  maximum  power  is 

max.  HP=fC  fnl\    (13) 

which  differs  from  (9)  only  in  the  coefficient.    In  this  case  the 
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engine  should  be  so  designed  that  the  inertia  stress  shall  be  l/3rd 
of  the  safe  working  stress,  the  remaining  2/3rds  being  that  due 
to  the  useful  stress.  Eliminating  by  means  of  (12)  the  speed  of 
rotation  n  from  the  equation  (13),  we  obtain 

max.  HP=f(W* C^-f   (14) 

a  result  of  the  same  form  as  the  equation  (11)  obtained  in  the 
Case  1.  The  ratio  of  the  maximum  horse  power  given  by  (13)  to 
that  given  by  (9)  is  If,  on  the  supposition  that  the  engines  in  the 
two  cases  are  exactly  similar.  For  in  the  two  cases  the  intensities  of 
useful  stresses  are  limited  to  |  and  f  of  the  safe  working  stress  of 
the  material. 

As  a  problem  occurring  in  actual  practice  it  is  however  better 
to  state  the  above  result  in  the  following  modified  form.  Suppose 
that  the  same  amount  of  horse  power  is  developed  by  each  of  two 
high  speed  engines,  one  being  designed  for  maximum  horse  power 
at  a  given  speed  of  rotation  and  the  other  for  maximum  horse 
power  with  a  given  size,  and  that  both  engines  have  the  same 
principal  dimensions  such  as  the  diameter  of  cylinder  and  the 
stroke  of  the  piston.  Then  since  the  total  useful  stress  transmitted 
through  a  corresponding  cross  section  must  be  the  same  in  the  two 
engines,  we  must  have 

where  kx  and  A2  are  the  values  of  A  for  the  two  engines.  Hence 

Ax=  If  A.,. 

and  this  will  be  true  for  all  the  working  parts  through  which  the 
useful  stress  is  transmitted.  Thus  the  first  engine  is  If  times  as 
heavy  as  the  second  engine.  Dividing  (1)  by  (7),  we  obtain  the 
mass  or  weight  per  horse  power, 
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(15) 


HP  Cn{f—kol>ri-t-) 


This  becomes  a  minimum  when 

^f=k0nH-, 

which  is  just  the  same  as  equation  (12).  Thus  the  condition  of 
maximum  horse  power  expressed  by  (12)  satisfies  also  the  condition 
of  minimum  weight  per  horse  power.  Combining  (15)  with  (12), 
we  obtain 


Hence  supposing  that  the  engines  are  so  designed,  and  worked  at 
such  a  speed,  that  the  stress  due  to  the  accelerating  force  is  ^rd  of 
the  working  stress  of  the  material,  the  weight  per  horse  power  will 
be  proportional  to  the  linear  measurement;  in  other  words,  the 


decreases  in  the  inverse  proportion  of  linear  dimension.  The 
larger  the  engine,  the  greater  is  the  total  horse  power,  in  the 
duplicate  proportion  as  shown  by  (11)  or  (14);  but  at  the  same 
time,  the  smaller  becomes  the  horse  power  per  lb.  weight.  Thus 
arises  the  following  problem.  It  is  required  to  obtain  a  certain 
amount  of  total  horse  power  with  the  least  weight  of  the  engine. 
By  (14)  it  is  seen  that  an  engine  having  four  equal  cylinders  can 
develop  just  the  same  horse  power  as  a  single  cylinder  engine  of 
double  the  linear  measurement.  But  by  (1)  the  weight  of  the  four 
cylinder  engine  is  given  by 


that  is,  one  half  the  weight  of  the  single  cylinder  engine.  In 
general  a  single  cylinder  engine  and  a  similar  engine  having  N 


(10) 


horse  power  developed  per  lb.  weight  of  engines  of  similar  type 


The  Relation  Between  the  Horse  Power  and  the  Weight  of  an  Engine.  219 

equal  cylinders  each  — ^=&h  in  linear  measurement  can  develop  the 
same  amout  of  horse  power.  This  follows  at  once  from  equation 
(14);  for, 

max.  HP=const.  x  N^^~^  =const.  x  P. 
But  as  regards  the  total  weight  of  the  second  engine,  we  have  by  (1) 

M==Nc//-jLY=J-(<yF),  ...(17) 

so  that  the  tveiglit  decreases  in  the  inverse  -proportion  of  the  square  root  of 
the  number  of  cylinders.  This  is  a  broad  governing  principle  relating 
to  the  weight  of  an  engine  of  a  given  power.  Against  it  there  is 
however  a  set  back  that  the  efficiency  of  an  engine  decreases  as  the 
size  of  the  cylinder  becomes  smaller.  In  aeronautical  engines  the 
weight  of  the  fuel  to  be  carried  is  thus  increased,  so  that  the 
multiplication  of  cylinders  will  be  limited  by  this  factor. 

Now  to  examine  the  materials  used  for  the  working  parts  of 
an  engine.  Let  f  x  and  p1  be  the  tensile  strength  and  the  density 
of  one  kind  of  material,  and /2  and  p2  the  corresponding  quantities 
for  another  kind  of  material.  So  far  as  the  horse  power  and  weight 
of  an  engine  are  concerned,  it  is  seen  from  (14)  that  these  materials 
will  be  equally  good,  if 

fi  Pi  —J*  Pi 


that  is,  if 


V  p1  J 


.(18) 


For  example,  commercial  rolled  aluminium  for  which  ,"v  =  about 
.096  lb.  per  cubic  inch  may  lie  compared  with  miled  steel  of 
average  quality  used  for  the  construction  of  steam  boilers.  For 
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the  latter  metal  ft=about  0.283  lb.  per  cubic  inch  and  average 
tensile  strength,  /,  =  about  28  tons  per  square  inch.  Hence  the 
rolled  aluminium  would  be  as  good  as  the  boiler  steel,  if 


Rolled  aluminium  commercially  pure  has  a  tensile  strength  ranging 
from  about  "to  10|  tons  per  square  inch,  while  the  hard  rolled 
plates  of  aluminum  alloy  prepared  by  Mr.  Yarrow  with  the 
addition  of  6  per  cent,  copper  and  adopted  for  the  construction 
of  a  torpedo  boat  gave  14  to  1G  tons  per  square  inch  tensile  strength. 
These  are  not  sufficiently  high  to  equal  the  boiler  steel.  An  alloy 
of  aluminium  termed  "  Duraluminium, "  invented  recently  and 
manufactured  by  the  Electric  and  Ordnance  Accessories  Co.  of 
Birmingham  is  said  to  contain  upwards  of  90  per  cent  of  aluminium, 
and  to  have  a  specific  gravity  of  about  2.8  and  a  melting  point  of 
650°  C.  The  makers  state  that  the  tensile  strength  of  the  alloy  is 
as  high  as  40  tons  per  square  inch  when  the  metal  is  hard  and  has 
little  elongation;  28  to  30  tons  per  square  inch  with  15  per  cent, 
elongation  in  2  inch  gauge  length;  and  25  tons  per  square  inch 
with  20  per  cent,  elongation  in  2  inch  length.  Specific  gravity  of 
2.8  is  equivalent  to  .101  lb.  per  cubic  inch,  so  that  Duraluminium 
will  be  better  than  the  boiler  steel,  if  its  tensile  strength  is  higher 
than 


hence  this  metal  in  its  weakest  and  most  ductile  state  is  much 
superier  to  boiler  steel,  so  far  as  the  horse  power  and  weight  of  the 
engine  are  concerned. 


=  19.5  tons  per  sq.  inch. 
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It  may  be  added  here  that  in  the  adoption  of  a  new  material 
for  the  construction  of  an  engine  or  structure,  the  resistance  of  it 
to  shearing  would  probadly  be  another  very  important  quality 
demanding  our  careful  examination. 


Column  of  Uniform  Strength. 

By 

Prof.  A.  Inokuty,       E>  KogakuhakusM. 


A  long  straight  column  hearing  an  axial  compressive  load 
undergoes  a  lateral  deflection  when  that  load  exceeds  a  certain 
value,  and  the  deflected  axis  assumes  a  sine  curve  if  the  column  is 
homogeneous  and  of  uniform  section  and  the  stress  nowhere  exceeds 
the  elastic  limit.  The  bending  stress  thus  induced  in  the  material 
of  the  column  varies  from  one  section  to  another  along  the  length, 
1  M-ing  greatest  at  a  section  furthest  from  the  original  straight  axis 
and  zero  at  a  pdint  of  inflection.  Now  the  lateral  dimensions  of  a 
long  straight  column  can  be  so  varied  as  to  make  the  greatest 
bending  stress  for  a  section  constant  for  the  whole  length.  Such  a 
column,  being  analogous  to  a  beam  of  so-called  uniform  strength, 
may  be  termed  a  column  of  uniform  strength.  Formulae  for  the 
strength  of  columns  of  this  form  can  be  obtained  theoretically  by 
considering  the  bending  action  alone  and  the  result  is  almost  the 
same  as  by  Euler's  formula,  the  only  difference  being  in  the  value 
of  the  coefficients.  For  columns  of  moderate  length  such  as  occur 
in  practice,  it  is  necessary  to  consider  the  direct  compressive  stress 
as  wdl  as  tlic  bending  stress  due  to  the  deflection  and  for  this 
purpose  the  writer  has  obtained  a  set  of  semi-empirical  formulae  in 
the  form  of  Gordon-Rankine  formula.  These  formulae  might  be 
useful  in  designing  large  columns  of  approximately  uniform 
strength,  as  for  example  shear  legs,  connecting  rods  for  large 
engines,  &c. 
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Referring  to  Fig.  I,  let  a  straight  bar  of  great  length  be  acted 
on  by  axial  forces  P,  P,  tending  to  compress  the  bar  along  the 


Fig.  I. 

original  straight  axis  ANB,  and  let  it  be  bent  into  a  curve  AOB, 
O  being  the  centre  of  the  length  and  ON=c  the  maximum  deflec- 
tion at  the  centre.  Since  this  deflection  c  is  generally  a  very  small 
quantity  compared  with  the  length  of  the  ber  I  it  is  accurate  enough 
to  assume  NA  and  NB  each  equal  to  half  the  length.  Take  the 
tangent  at  O  to  the  curve  of  deflection  for  the  axis  of  x  and  the 
normal  at  O  for  that  of  y.  At  any  section  indicated  by  (x,  y,)  the 
bending  moment  is 

M=(c-y)P  (1) 

The  relation  between  the  bending  moment  and  the  curvature  of 
the  bar  is 


1-  d-y  _  (c-y)P 


f>  dx- 

and  the  equation  for  the  strength  is 

I 


EI 


•(2) 


(e-y)  P=/- 


y' 


.(3) 


in  which  y  is  the  distance  of  the  part  of  the  bar  furthest  from  the 
neutral  axis  of  the  section  on  the  tension  or  compression  side,  P 
the  radius  of  curvature  at  the  point  (x,  y),  and  I  the  geometrical 
moment  of  inertia  of  the  section  about  its  neutral  axis  perpendicular 
to  the  plane  of  bending.    Combining  (2)  and  (3)  we  obtain 
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p     dx2  Ey' 


■(4) 


Case  1.  A  long  straight  column  of  uniform  strength,  rounded 
at  both  ends,  having  a  rectangular  section  with  the  depth  of  side,  parallel 
to  the  plane  of  bending,  of  constant  dimension. 

Fig.  2  represents  the  front  and  side  view  of  the  column  of 

length  /  under  the  action  of  compressive  load  P,  the  width  of  the 

section  at  a  distance  x  from  the  centre  being  b  and  the  constant 

depth  h  as  shown  in  the  Fig.    Putting  y'=\h  in  (4),  we  obtain 

1  2/ 
p     E/i  ' 

The  greatest  bending  stress  /  is 
to  remain  constant  for  any  section 
and  therefore  it  is  seen  that  the 
column  bends  under  the  load  P 
into  an  arc  of  a  circle  of  radius  p 
given  by  the  above  relation. 
If  I0  is  the  value  of  I  at  the 
centre,  we  have  from  (2) 
EI„ 


P  = 


cP 


Fig.  2. 


Now  from  a  Avell  known  property 
of  a  circle  we  have  the  following 
relation  between  a  chord  and 
the  corresponding  versed  sine, 

The  deflection  c  at  the  centre  is  a  very  small  quantity  and  may  be 
neglected  in  comparison  with  the  radius  p;  we  have  then 

ep=W  (5) 

Substituting  this  in  the  expression  for  P  above  given,  wo  obtain 
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P=8   (A,) 

which  is  of  the  same  form  as  Euler's  formula  for  a  long  column  of 
uniform  section  rounded  at  both  ends;  the  only  difference  is  in  the 
coefficient,  which  in  the  present  result  is  8,  while  in  Euler's  it  is 
It  may  be  remarked  that  in  a  long  column  of  uniform  suction  if  a 
load  1*  satisfies  the  condition  of  equilibrium  expressed  by  Euler's 
formula,  any  deflected  position  is  a  position  of  equilibrium  under 
the  same  load  P  and  consequently  the  deflection  c  is  an  indeter- 
minate quantity.  The  same  thing  happens  also  in  the  case  of  a 
column  of  uniform  strength.  Now  to  find  the  variable  width  b  of 
the  column,  the  well  known  property  of  a  circle  above  cited  may 
again  be  made  use  of;  thus 

in  which  y  may  safely  be  neglected  in  comparison  with  2/>.  Then 

X' 

Eliminating    by  means  of  (5)  we  have 

_  4car 

y  j~- 

Now  from  (3)  we  have 

and  cP=|/Vi-2 
Dividing  one  by  the  other, 


JL=i-JL 
b0  c 


which  by  (6)  becomes 


This  is  a  parabola  with  its  axis  at  right  angles  to  the  length  of  the 
column  and  passing  through  the  centre.    Each  of  two  parabolic 
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arcs  forming  the  outline  of  the  column  may  be  approximated  by 
two  straight  lines  symmetrically  sloping  towards  the  ends  of  the 
column  and  touching  the  parabolic  arc.  Of  all  such  sets  of  straight 
lines,  that  set  which  requires  the  least  amount  of  material  for  the 
column  is  the  following: — Set  off  a  width  equal  to  \\b0  at  the 
centre  and  a  width  equal  to  jb0  at  each  end  of  the  column.  Join 
the  ends  of  these  widths  by  straight  lines,  which  will  touch 
the  parabolic  arcs  at  .r=j/,  the  width  at  that  section  being  equal  to 


The  result  of  this  Case  I  for  columns  of  rectangular  section 
may  be  easily  extended  to  columns  of  any  section,  such  as  hollow 
rectangle,  symmetrical  double  tee  section,  cruciform  section,  (fee. 
The  constant  dimension  h  must  then  be  regarded  as  the  depth  of 
side,  parallel  to  the  plane  of  bending,  of  a  circumscribing  rectangle. 

Case  2.  A  long  straight  column  of  uniform  strength,  rounded 
at  both  ends,  the  dimension  of  the 

sect  ion  perpendicular  to  the  plane  p  p 

of  bending  being  constant. 


Referring  to  Fig.  3,  the 
width  b  of  a  section  is  now 
constant  while  the  depth  h  is 
variable,  so  that  the  depth  at 
the  centre  is  distinguished  by  k0. 
The  variable  moment  of  inertia 
of  a  section  at  distance  x  can  be 
written  as  follows:  — 


\--f- 


By  su Institution  in  (2)  we  obtain 


P 


P 


cVy  _  (c-y)V  (  K  v 


dx2         EI0     \h  )■ 


Fi  g.  3. 
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On  making  x  and  y  equal  to  zero  simultaneously,  this  becomes 

J-=-£L  (8) 

in  which  ft?  is  the  radius  of  curvature  of  the  elastic  curve  assumed 
by  the  axis  of  the  column,  at  the  centre  of  the  length.  The  above 
equation  for  the  second  differential  coefficient  of  y  may  then  be 
written  in  the  form 

$11      c-y  r  K  V  (9) 
dx"       cp0  \  h  )• 

Substituting  the  value  of  I'm  (3)  we  have 

(<-rjP.  w ay 

hg  \  h0  J- 

On  making  x  and  y  equal  to  zero  simultaneously,  this  becomes 


CP: 


2/I0 


h0 

which  being  substituted  in  the  above  equation  gives 

=(  7i°  Y  (io) 

c—y    \  h  )• 
Combining  (9)  and  (10)  we  obtain 

eZ2;/  =  JL_  _ch_ 
dx'1     f>0  (c—y)i 

Integrating  and  noting  that  dyjdx  is  zero  at  the  origin,  we  have 
Integrating  again  we  obtain 

t  [c4 -(°-y)l~]  *  [_2ci  +(c-^]  =jrx  

This  is  the  equation  of  the  elastic  curve  assumed  by  the  axis  of  the 
column  in  Case  II.    Now  c  is  the  value  of  y  when  x  is  equal  to 
Substituting  these  values  in  (11),  there  is  obtained  an  equation  of 
condition  that  the  column  may  deflect  under  a  load  P  and  keep  an 
equilibrium  in  a  curved  form  expressed  by  (11), 

cPo=~l2   (12) 

64 
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Eliminating  cp0  between  this  and  (8),  there  results 


p=64  EI0 


•(AO 


9  P 

which  is  again  of  the  same  form  as  Euler's  formula.  The 
coefficient  ~  is  equal  to  0'721  times  so  that  the  strength  of  a 
column  having  the  form  stated  in  Case  II  is  72  per  cent  of  the 
strength  of  a  calumn  of  uniform  section  and  of  the  same  material, 
the  form  and  the  area  of  the  section  at  the  centre  being  the  same. 

Eliminate  y  and  p0  from  (11)  by  means  of  (10)  and  (12);  we 
then  obtain 

-IHO-IK^-B  (,3) 

This  is  the  equation  of  the  curve  which  the  outline  of  the  column 
must  have  in  order  that  it  may  be  of  uniform  strength.  The  form 
of  this  curve  is  somewhat  like  a  blunt  ellipse;  it  can  be  drawn  easily 
by  setting  off  a  few  values  of  x\\l  and  the  corresponding  values  of 
h/ho 


h 

0.95 

0.90 

0.75 

0  50 

025 

X 

¥ 

0.330 

0.459 

0.G88 

0.884 

0.974 

The  curved  outline  of  the  column  may  be  approximated  by 
two  pairs  of  straight  lines  touching  the  curve  and  sloping  towards 
the  ends  of  the  column  symmetrically  about  the  cross  section  at  the 
centre.  Of  all  trangents  that  can  be  drawn  thus,  those  which 
require  the  least  amount  of  material  for  the  column  are  the  follow- 
ing: —  At  the  centre  of  the  length  set  off  a  width  equal  to  1. 143  h0 
and  at  each  end  set  off  a  width  equal  to  0. Ql&i0.  Straight  lines 
joining  the  ends  of  these  widths  form  the  tangents  sought.  Those 
touch  the  curve  (13)  at  a  distance  \l  from  the  centre  and  the  value 
of  h  at  that  section  is  given  by  the  equation 
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^+3^-3^=0, 

which  by  solution  gives  /,,=().  87J)/i„.  The  widths  above  given 
have  been  calculated  by 


and 


(0.8794  + 1  m)h0 
(0.8794  -$m)h0, 


....  4x(l-08794)i  . 

in  whith    m=  -J — —      ,    -  n0. 

3x0.8794 

Case  3.  A  tony  straight 
column  of  uniform  strength,  with 
both  ends  rounded,  the  cross 
sections  being  similar  figures. 

The  variable  moment  of 
inertia  of  a  section  distant  x  from 
the  centre  may  be  written 


I- 


Substituting  this  in  (2)  we  have 

<VV  _  {c-y)V  f  K  V 
tfx"        EI0    \  h  )■ 

When  x=0,  y=0  and  h=h0  and  therefore 

1  cP 


Fig.  4. 


Hence  we  obtain 


EI0 

c—y  (  K  V 


.(14) 


cp0  \  h  )• 


dx'2  cpQ 

Substituting  in  (3)  the  value  of  /  we  have 


.(15) 


h0  \h0  )■ 


When  x=0,  y=0  and  h=h0  and  therefore 
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Hence  we  obtain 


c—y_r  h 


(  K  )• 


.(16) 


c 

Eliminating  h  between  (15)  and  (1G)  we  have 

cPy  _  1  ck 

dx3      (>0    (c  —  yfi 

Integrating  and  observing  that  chj/dx=0  when  y=0,  we  obtain 

in  which  3A2=c'//V  Now  writing  £=c—y  and  a?=c,  the  equation 
becomes 

[(a?-z-)l  -  1  dz=Mx. 

l>        '      (a2-*2)*  J 

Integrating  and  observing  that  when  x=0,  y  is  also  nothing  and  z 
becomes  equal  to  c*=a,  we  obtain 

z 


lV«!-^+|ras'1-=Ar,   (17) 


a 


which  is  the  equation  of  the  elastic  curve  assumed  by  the  axis  of 
the  column  in  Case  III.  Now  c  is  the  value  of  y  when  x=\l,  that 
is,  when  z=0.  Substitution  of  this  relation  between  the  constants 
in  (17)  gives  an  equation  of  condition  that  the  column  may  deflect 
under  a  load  P  and  keep  in  equilibrium  in  a  curved  form  expressed 
by  the  equation  (17),  thus 

4 

Sit- 

Substituting  this  in  (14)  we  obtain 

P=s^^   (AJ 

which  is  again  of  the  same  form  as  Euler's  formula.    A  column  of 
uniform  strength  having  cross  sections  similar,  is  therefore  f  times 
i  rong  as  a  column  of  uniform  section  made  of  the  same  material, 
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the  form  and  dimensions  of  the  section  at  the  centre  being  the 
same. 

The  equation  (1G)  can  be  written  in  the  form 

z  _  h 
a  h0 

Substituting  this  value  of  z  and  the  value  of  p0  above  found  in  the 
equation  (17),  we  obtain 

which  is  the  equation  of  the  curve  to  be  given  to  the  outline  of  the 
column  in  Case  III  in  order  that  it  may  be  of  uniform  strength. 
Assume  that 

h=h0cosld, 
then  the  above  equation  becomes 

J-(S™0  +  0). 

The  curved  outline  of  the  column  can  be  easily  drawn  by  setting  off 
the  values  of  h  and  x  calculated  by  these  equations  and  given  in 
the  following  Table:  — 


d 

in  degrees 

=  ~(sind  +  d) 

— —=008^0 

0 

0.000 

1.000 

20 

0.220 

0.985 

40 

0.427 

0.940 

60 

0.609 

0.866 

80 

0.758 

0.766 

100 

0.869 

0.643 

120 

0.942 

0.500 

140 

0.982 

0.342 

160 

0.998 

0.174 

180 

1.000 

0.000 
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As  in  the  foregoing  Cases  the  curved  outline  of  the  column  may 
be  approximated  by  two  pairs  of  straight  lines  touching  the  curve 
and  sloping  towards  the  ends  of  the  column  symmetrically  about 
the  cross  section  at  the  centre.  Writing  for  shortness  'h  and  'x  for 
hjho  and  xj^l,  let  the  equation  of  a  tangent  be 

'h—c—m'x,   (19) 

touching  the  curve  at  the  point  (X-,  'hc)  so  that 

■he=c—m'xc   (20) 

and  7rxc=sin0c+0c,  (21) 

in  which  0C  is  given  by  'he=cos%dc. 

The  values  of  dx/dh  found  from  (18)  and  (19)  are  equal  at  the  point 
of  contact  and  therefore 

z^/T^W^im-hl   (22) 

The  volume  of  the  column  of  approximately  uniform  strength  is 

V  =  const. (c1  —  o?i  +  j??r). 

The  condition  of  the  least  value  of  V  leads  to  the  equation 

3-xc(2c  -  m) = 3c  -  2  m  (23) 

It  is  not  possible  to  determine  the  quantities  X,  'K,  c,  and  m  by 
the  direct  solution  of  the  last  four  equations.  The  following  method 
of  solution  by  approximation  may  however  be  employed.  Let  a 
curved  outline  of  the  column  be  drawn  to  scale  by  the  help  of  the 
foregoing  Table.  An  inspection  of  this  curve  shows  that  when  the 
volume  V  is  least,  'x  will  be  not  far  from  0'4  or  0'5.  Now  calcu- 
late the  numbers  in  the  following  Table  of  the  values  of  'V  for  three 
assumed  values  of  0,  which  roughly  corresponds  to  x=0'4,  0'5, 
and  0-6. 
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Values  of  V 


Angle  6 

assumed 

ii  i 

*  •£ 

<*> 

<o 
o 

Sj 
II 

<3S> 

<£>  -J 

II  •§  + 

+ 

II 

u 

g 

-p.  + 
>  t% 

I  1 

*b  ^ 

II  II 

37°18' 

.400114 

.947490 

.279770 

1.059430 

.852086 

47°40' 

.500122 

.914725 

.379293 

1.104418 

.848796 

58*56 ' 

.600061 

.870642 

.509686 

1.176485 

.871072 

The  abscissa  of  the  point  of  contact  for  the  minimum  value  of  'V  is 
then  given  by 

■x  -     (•^-•^)-Vi  +  (^-^)-V2  +  (-x;--^)-Vg     _Q  d63(? 

from  which  we  obtain 

0t  =  43"  44',  -/t^O-928,  ;«s=0-340, 
c  =  1-085,  and  -hL=c— m-0-746 
The  geometrical  construction  of  the  approximate  form  of  outline  is 
as  follows: — At  the  centre  of  the  length  set  off  a  width  equal  to 
1.085  h0  and  at  each  end  set  off  a  width  equal  to  0'74G  hA.  Straight 
lines  joining  the  ends  of  these  widths  form  the  tangents  sought. 
These  lines  touch  the  curve  (18)  at  distance  0"463><§/  from  the 
centre,  the  width  at  that  section  being  0*928 

The  equations  of  condition  of  stability  for  columns  of  uniform 
strength  already  given  by  the  formulae  (A,),  (A2),  and  (A3)  may  be 
adapted  to  the  well-known  semi-empirical  expression  for  the 
strength  of  columns  of  uniform  section,  first  proposed  by  Tredgold, 
revived  by  Lewis  Gordon,  and  afterwards  modified  by  Trof. 
Rankine,  so  as  to  be  applicable  to  columns  of  any  form  of  section. 
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These  formulae  of  Rankine  for  columns  with  both  ends  rounded, 
with  both  ends  flat,  and  with  one  end  rounded  and  the  other  end 
flat,  are  respectively 


l  +  4a- 


P 


A2 


P= 


_  /A 


1  +  a 


and 


P  = 


 /A 


l  +  2a 


A- 


In  these  eqations,  P  is  the  total  breaking  load  on  the  column;  /  an 
experimental  costant  of  strength  for  each  kind  of  materials  in  units 
of  force  per  unit  area ;  a  another  experimental  constant,  being  an 
abstract  number;  A  the  sectional  area  of  the  column;  I  the  length; 
and  k  the  least  radius  radius  of  gyration  of  the  section.  It  may  be 
remarked  here  that  the  formulae  quoted  by  Prof.  Unwin  in  his 
Machine  Design  as  empirical  rules  suggested  by  Grashof  are  of  the 
form 

P_  /AI 

c 

and  this  is  just  the  same  as  the  first  of  the  Rankine  formulae  (R); 
for,  I/A  is  equal  to     and  4a  may  be  written  for  the  reciprocal  of 
the  constant  C. 

Values  of  the  Constants  /  and  a. 


Breaking  /  in  log. 
per  sq.  in.  excepting 
GTashof 's  values 

a  ' 

(abstract  number) 

Authority 

Wrought  iron   

36,000 

36,000 

1  Rankine. 

Cast  iron   

80,000 

6,400 

Dry  timber   

7,200 

3,000 
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Breaking/  in  ll>s. 
per  sq.  in.  excepting 
Grashof's  values 

i 

~5"» 

(abstract,  number) 

Authority 

Mild  steel   

42,000 

30,000 

Prof.  Cotterill. 

Wrought  iron  

10,000 

22,400 

\ 

Grashol. 
1   These  fs  are  for 
greatest  safe  load. 

Steel   

12,000 

20,000 

Cast  iron   j 

J 

3,000 
12,000 

40,000 
9,600 

1 

Timber  \ 

900 
500 

6,000 
10,400 

Mild  steel   

48,000 

30,000 

1  Prof.  Fidler  from 
)  experiments  of  Mr. 
Christie. 

Hard  steel  

70,000 

20,000 

Of  the  two  values  of  P  obtained  from  Grashof  s  constants,  the 
lesser  is  to  be  adopted.  For  a  very  long  and  slender  column,  a 
' '  theoretical ' '  value  of  the  constant  4a  in  the  first  of  the  formulae 
(R)  isf/^'E,  so  that  the  ratio  of  the  experimental  to  the  theoretical 
value  of  the  constant  is  A^Eaff.  Now  the  following  assumption  is 
very  likely  to  be  approximately  correct: — That  for  a  column  of 
uniform  strength  and  of  moderate  length  compared  with  the 
sectional  dimensions,  an  empirical  formula  of  the  same  form  as 
Rankine's  still  holds  good  and  that  the  same  value  of  the  ratio 
above  mentioned  likewise  obtains  in  that  formula.  The  result  of 
this  assumption  is  given  in  the  following  Table:  — 
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Columns  with  both  Ends  Rounded. 


Form  and  kind  of  column 

Theoretical 
formula 

Semi-empirical 
formula 

Theoretical 
value  of  coef 
ficient  4a 

Of  uniform  section 

P 

p_  .A 

P 

/ 

TTvE 

Of  uniform  strength 

Width  of  section  parallel 
to  the  plane  of  tending 
consstant 

Width  of  section  perpendi- 
cular to  the  plane  of  tend- 
ing constant 

Sections  similar  figures 

P=8^1 

p 

p_  G4  EI 

9  P 

p_3^EI 
4  P 

p_  /^o 

1+  ™  l* 

^   2  ft2 
p   /A„ 

+  16  kl 

p  _  /A) 

-■  ,  16a  P 

i+-3-ir 

/ 

BE 

9/ 
64E 

4/ 
3tt-2E 

The  last  three  of  the  empirical  equations  in  the  third  column  of 
the  above  Table  give  the  relation  subsisting  between  the  length  of 
the  column  and  the  dimensions  of  the  section  at  the  centre  of  its 
length,  for  a  given  breaking  load  P.  A0  and  k0  are  the  area  and 
radius  of  gyration  of  the  said  section. 

For  the  finding  of  the  relation  between  the  dimensions  of  any 
section  and  the  distance  x  of  that  section  from  the  centre  the 
following  process  may  be  employed.  The  equation  (7)  may  be 
written  thus: 

I  =  P-(2x)2 
I0  P 

Substituting  this  in  (A,)  we  have 


p-(2Xy ' 

Hence  the  first  of  the  three  empirical  equations  above  referred  to 
takes  a  more  general  form 
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(BO 


P=  A 

2  fcs 

for  a  column  of  uniform  strength,  rounded  at  both  ends,  having  a 
rectangular  section  with  the  depth  of  side,  parallel  to  the  plane  of 
bending,  constant.  See  Fig.  5,  Case  I.  This  formula  (B,)  applies 
equally  well  to  columns  of  any  form  of 


Case  I. 


Case  III. 


section,  provided  that  the  dimensions  parallel  to  the  plane  of 
bending  remain  constant.    It  may  be  noticed  that  at  each  end  of 
the  column,  x  becomes  ll  so  that  the  formula  (Bj)  reduces  itself  to 
the  usual  simple  rule  F=fA  for  a  short  compression  block. 
The  equation  (13)  may  be  written  in  the  form 
h2  f  3   ,   h  \_  P-(2x)* 


l  \  4  4/J 


.(13') 


hi  \  4      47i0/  P 
The  factor  within  the  brackets  on  the  left  hand  side  of  this  equation 
is  not  much  different  from  unity,  as  shown  below. 


h 
h° 

1.0 

0.8 

0.G 

0.4 

3  h 

4  4//0 

1.00 

0.95 

0.90 

0.85 
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Since  in  Case  2.  the  width  of  a  section  perpendicular  to  the  plane 
of  bending  is  constant,  we  have  5=50  so  that 

h2  _  b1irh0  _  &0frA 

Hence  (13')  becomes 

ML^IdpL,  nearly. 

which  being  substituted  in  the  equation  (A2)  gives 

p_  64  EfrM 
9  l--(2xf' 

The  second  of  the  three  empirical  equations  above  referred  to 
therefore  takes  a  more  general  form 

  (SO 


1  + 


97r2a  P-(2xf 


16  kQJc 

for  a  column  of  uniform  strength,  rounded  at  both  ends,  the 
dimensions  of  the  section  perpendicular  to  the  plane  of  bending 
being  constant.  See  Fig.  5,  Case  2.  As  in  the  previous  case  the 
formula  (B2)  reduces  itself  at  each  end  of  the  column  to  the  usual 
simple  rule  P=/A  for  a  short  compression  block. 

Now  take  the  equation  (18).  Expand  each  term  on  the  right 
hand  side  in  a  series,  square  the  resulting  equation,  and  re-arrange 
the  terms.    We  have  then 

n'#(n}=  .   (18') 

t 

in  which  0(n)=Ar^  +  lw2  +  An«  +  Ari6  +  _y5_n8+  \ 

7T  \_\3     5        28        75        704  / 

1  /  4  ,  4  5  ,  12  .  .  \-i 
tt\9        15        175  J_\ 

and  n  stands  for  hjh0.  The  function  <r>(n)  is  not  much  different 
from  unity,  as  shown  below. 
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h 

11  =  

K 

1.0 

0.8 

0.6 

0.4 

00) 

1.000 

0.954 

0.913 

0.873 

since  n!—  ——5 — —  o  


V      h0*  A-02A0 
1 1  ie  equation  (IS  )  becomes 

JcJcA  _  F-(2x)~ 

nearly. 

Substituting  this  in  (A3)  we  abtain 


3--  E^0A-A 


P-(2x)2 

The  third  of  the  three  empirical  equations,  above  referred  to  therefore 
takes  a  more  general  from 

which  likewise  reduces  itself  at  each  end  of  the  column  to  the  simple 
rule  P=/A  for  a  short  compression  block.  The  above  formura(B3) 
is  for  a  column  of  uniform  strength,  rounded  at  both  ends,  having 
cross  sections  of  similar  figures.    See  Fig.  5,  Case  III. 

In  the  application  of  the  formulae  (Bi),  (B2),  or  (B3)  to  the  design 
of  a  column,  the  dimensions  of  the  section  at  each  end  can  be  found 
1 1 y  the  simple  rule  A=JA ;  making  x  in  the  formula  equal  to  zero,  the 
dimensions  of  the  section  at  the  centre  can  be  found  in  the  same 
way  as  by  Rankine's  formula;  and  for  other  sections  a  few  values  of 
k  lying  between  Ic0  and  the  h  at  each  end  may  be  assumed,  and  the 
corresponding  positions  of  the  sections  can  be  found  by  the  solution 
of  the  formula  for  x,  thus 
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\l     V1   g^aA  P      J,  K 
_x_=  A_3M;//A__1\  (p/) 

In  a  hollow  cylindrical  column  under  the  action  of  an  axial 
load  there  occurs  secondary  flexure  tending  to  cause  the  buckling  or 
wrinkling  of  the  cylindrical  shell  and  when  the  ratio  of  the 
diameter  to  the  thickness  is  large,  this  secondary  flexure  becomes 
more  predominant  than  the  primary  flexure  of  the  column  as  a 
whole  and  failure  may  take  place  under  a  load  very  much  less  than 
that  indicated  by  Gordon-Rankine  formula.  Prof.  W.  E.  Lilly  of 
Trinity  College,  Dublin,  carried  out  a  series  of  experiments 
on  a  large  number  of  small  steel  columns  with  rounded 
ends  and  from  the  results  drew  very  important  conclusions  bearing 
on  the  point  above  mentioned.  (Proceedings  of  the  Inst.  Mech. 
Eng.,  London,  June  1905.)  The  columns  tested  were  mild  steel 
tubes  ranging  from  f"  to  1"  in  external  diameter  and  similar  to 
those  used  in  cycle  construction. 

Prof.  Lilly's  experiments  show  that  the  value  of  /  in  the 
Gordon-Rankine  formula  depends  on  the  failure  of  the  tube  by 
secondary  flexure  and  that  this  secondary  flexure  does  not  depend 
on  the  length  of  the  column,  but  only  on  the  thickness  and  the 
radius  of  gyration,  the  relation  of/ to  these  quantities  being  given 
by  the  equation 
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where  F=the  compressive  strength  of  the  material, 
a,  =  an  experimental  constant 
=  *0  for  mild  steel, 

t=the  thickness  of  the  tube  in  the  same  units  as  the  radius 
of  gyration  k. 

Jc 

When  -r  approaches  the  limiting  value  of  0*5  for  a  round  solid 
bar,  /  is  sensibly  equal  to  F.  For  wrought  iron  the  compressive 
strength  F  may  be  assumed  at  24  or  25  tons  per  sq.  inch  and  in 
Hodgkinson's  experiments  from  which  Rankine  derived  the  cons- 
tants in  his  formula,  the  average  ratio  d\t  was  approximately  16, 
that  is,  k/t=5'5  to  6'0.  Substituting  these  values  in  the  above 
formula  and  using  «i  =  -J  ,  /  becomes  34000  to  37000  lbs.  per  sq. 
inch,  which  agrees  very  well  with  Rankine' s  value  36000  lbs.  per 
sq.  inch.  Hence  the  same  value  of  at  may  be  employed  both  for 
mild  steel  and  for  wrought  iron. 

It  is  also  shown  by  Prof.  Lilly's  experiments  that  for  hollow 
circular  columns  there  exists  the  most  economical  values  of  the 
ratios  h\t  and  l\k  expressed  by  the  following  relation:  — 


in  which  the  fraction  ??  on  the  right  hand  side  may  be  neglected  in 
comparison  with  large  values  of  -j-  •  Then 

&s=J!i_  (L3) 

1000  v  1 

For  sections  other  than  hollow  circle,  the  above  may  be  written  in 
the  form 

tf=  WK  ,   (L4) 

94.3  v  ' 

which  however  requires  to  be  verified  by  experiments. 
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4  0,000 


3  0,00  0 


2  0,000 
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Values  of  f  by  Prof.  Lilly's  Formula. 


(AY 

d 
t 

Value  of  f- 

=  ■— ;  ,  . .,  for  F  equal  to 

l+w(t) 

1  *jV7WVJ  (.  Oo.  /Je  t  ' — 1 

63000  lbs.  pn-n" 

54000  bis.  pet  □' 

120 

31.0 

24,000 

21,000 

18,000 

84 

25.9 

30,000 

26,300 

22,500 

no 

21  9 

;i(>,ooo 

31,500 

27,000 

42.9 

18.5 

42^000 

36,800 

31,500 

30 

15.5 

48,000 

42,000 

36,000 

20 

12.0 

54,000 

47,300 

40,500 

12 

9.75 

00,000 

52,500 

45,000 

5.45 

G.53 

00,000 

57,800 

49,500 

5 

6.24 

00,500 

58,200 

49,800 

4 

5.57 

07,500 

59,100 

50,600 

3 

4.80 

08,000 

60,000 

51,400 

2 

3.87 

09,700 

61,000 

52,300 

1 

2.65 

70,800 

62,000 

53,100 

The  compressive  strength  of  steel,  F,  for  structural  purposes 
may  be  taken  at  32  to  28  tons  or  72000  to  63000  lbs.  per  sq.  inch 
and  that  of  wrought  iron  at  about  24  tons  or  54000  lbs  per  sq.  inch. 
The  accompanying  Table  and  Diagram  give  the  values  of  f 
calculated  by  Prof.  Lilly's  equation  (Lj)  corresponding  to  these 
assumed  values  of  F.  Granting  the  appropriateness  of  using  these 
f's  for  actual  struts  and  columns,  it  certainly  demands  urgent 
attention  that  a  designer  should  caution  himself  against  adopting 
too  large  a  value  of  the  ratio  kjt,  or  against  using  too  high  a  value 
of  /  for  a  large  value  of  kjt.  This  remark  applies  to  the  use  of  the 
Gordon-Rankine  formulae  or  other  formulae  for  columns  of  uniform 
section,  as  well  as  to  the  use  of  the  foregoing  formulae  for  columns 
of  uniform  strength. 
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Die  transversale  Festigkeit  der  Drahtkanonen. 

Vpn 


tjber  die  transversale  Festigkeit  der  Drahtkanonen  ist  seit 
einigen  Jahrzehnten  sehon  oftmals  gesprochen  Avorden.1}  Die 
bisherigen  Abhandlungen  beschriinkten  sich  meines  Wissens  nur 
auf  eine  bestimmte  Art  des  Geschiitzrohres,  und  allgemeine  Auf- 
stellnngen  iiber  die  Spannungsverteilung  im  Drahtrohre  von  mo- 
derner  komplizierter  Konstruktion  sind  noch  nicht  veroffentlicht 
worden. 


Wir  wahlen  als  Grnndgleichungen  die  Ausdriicke  der  Span- 
nungsverteilung in  einem  dickwandigen  Hohlzylinder,  welcher 
einem  inneren  und  einem  ausseren  radialen  Drueke  Px  und  P2  auf 
den  Mantelflachen  ausgesetzt  ist. 

Es  seien  i\  und  r%  der  innere  und  der  aussere  Halbmesser  des 
Koines,  E  der  Elastizitatsmodnl,  m  die  Poissonsche  Konstante;. 
dann  hat  man 


A 

M.  Okochi,  Kugahthakushi. 
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M.  Okochi  : 


in  radialer  Richtung, 


in  tangentialer  Richtung,  und 

-''="!/;:-  o) 

wo  unter  >•  der  Abstand  irgend  eines  Punktes  von  dor  Symmetries 

achse,  der  Z  Achse,  unter  /<;,  =  —  das  Verhaltnis  <ler  Radien  zu  ver- 

ri 

stehen  ist. 

Die  Dehnungen  e,,  e,,  e,  in  den  drei  Richtungen  lassen  sich 
schreiben: 

(m  +  l)(-^-Y_w+l       (m  +  l)(-^-J_(m_  l  )/,;-' 
(m  +  l)(-^J+m-l  (m+l)(-^-J+(m-l)^ 

  (6) 

Die  Innenseite  des  Geschiitzrohres  wild  nach  aufeinander- 
folgenden  Schiissen  immer  erheblich  erhitzt.0  Wir  nehmen  fur 
unsere  Zwecke  an,  trotzdem  Untersuchungen  iiber  die  Tempera- 
turverteilung  innerhalb  der  Geschiitzrohrwand  niangeln,  dass  sie 
der  Fourierschen  Theorie  der  Warmeleitung  in  homogenem 
Materiale  folgt,  und  stationer  ist,  wegen  der  Kleinheit  der  Wirk- 
ungsdauer  des  Innendruckes;  dann  wird 


1)  Nach  T.  Yosida  betriigt  die  Ttmperatur  273°  C  an  der  Miindung  tines  15  cm  uiarinen 
Crahtrohres  nach  80  Schiissen.  Kahejgakkaisi  Vol.  1,  p.  128,  und  fur  andtre  Literatnr  siehe  C. 
Cranz,  Zs.  fur  dae  gesamte  Schiess-  und  Sprengw.  1908,  p.  301. 
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1  id  _n 

or      r  or 

wo  6>  die  Temperatur  bedeutet,  and  wir  bekommen  die  Gleichun- 
gen  der  Zugspannungskomponenten  an  <rt  und  <jz  in  der  radialen, 
tangentialen  und  bzw.  axialen  Richtung,  wenn  ®x  und  6>2  die 
Temperatur  an  der  iuneren  bzw.  ausseren  Seite  und  «  den  Tempera- 
turkoeffizient  bedeutet, 

'~2(m-lj  L  l7jirf  +  _^      J  ' (  j 

"      ^   (9) 


Fig.  1. 


*****  8^.. 


Einfachneiu 

vor,  welches  nur  aus  Draiuo^ 
besteht.  Das  Rohr  sei  aus  sehr 
diinneu  Drahten  gewunden, 
deren  Dicke  man  natiirlich  im 
V ergleiche  mit  dem  Halbmesser 
des  Rohres  als  unendlich  klein 
vernachlassigen  kann.  Dabei 
sei  die  Windungsspannung  der 
Drahte  beliebig  regulierbar. 
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M.  6kdcl  i  : 


in  radialer  Richtung, 


in  tangentialer  Richtung,  nnd 

wo  unter  r  der  Abstand  irgend  ernes  Puifktes  von  der  Symmetrie- 
achse,  der  Z  Achse,  unter  hi— — -  das  Verhaltnis  der  Radien  zu  ver- 
stehen  ist. 

Die  Dehnungen  e(,  £,,  e:  in  den  drei  Richtungen  lassen  sich 
schreiben: 


Die  Innenseite  des  Geschiitzrohres  wild  nach  aulemancier- 
folgenden  Schiissen  immer  erheblich  erhitzt.,}  Wir  nehmen  fur 
unsere  Zwecke  an,  trotzdem  Untersuchungen  uber  die  Tempera- 
turverteilung  innerhalb  der  Geschiitzrohrwand  mangeln,  dass  sie 
der  Fourierschen  Theorie  der  Warmeleitung  in  homogenem 
Materiale  folgt,  und  stationar  ist,  wegen  der  Kleinheit  der  Wirk- 
ungsdauer  des  Innendruckes;  dann  wird 

1)  Nach  T.  Yosida  betragt  die  Ttmperatur  273°  C  an  der  Mundung  tines  15  cm  uiarinen 
Drahtrobres  nach  80  Schiissen.  Kaheigakkaisi  Vol.  1,  p.  128,  nnd  i'iir  andere  Literatur  siehe  C. 
Cranz,  Zs.  fiir  das  gesamte  Schiess-  und  Sprengw.  1908,  p.  301. 
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a20    1  ie  _n 

a-      r  or 

wo  6  die  Temperatur  bedeutet,  unci  wir  bekommen  die  Gleichun- 
gen  der  Zugspannungskomponenten  an  <rt  and  az  in  der  radialen, 
tangentialen  und  bzw.  axialen  Richtung,  wenn  &l  und  6>2  die 
Temperatur  an  dor  inneren  bzw.  ausseren  Seite  und  «  den  Tempera- 
turkoeffizient  bedeutet, 

'~2(w-l)L  k?-l   +\-T)~Tf-l     _T i; 
_  >»gfl  r  A-r tt,-  ^   r  v,  ve.-e,    e.-e,    fr\  ,R, 

**=#f(*~-*)>  W 

wo 

ist,  und  E  als  konstant  betrachtet  ist. 

2.   Drahtkanonen  ohne  Kern. 

Zunachst  stellen  wir  uns  der 
Einfachheit  halber  ein  Drahtrohr 
vor,  welches  nur  aus  Drahten 
'^^^        '    ^  besteht.    Das  Rohr  sei  aus  sehr 

diinnen  Drahten  gewunden, 
deren  Dicke  man  natiirlich  im 
Vergleiche  mit  dem  Halbmesser 
des  Rohres  als  unendlich  klein 
vernachlassigen  kann.  Dabei 
sei  die  Windungsspannung  der 
Vig.  l.  Drahte  beliebig  regulierbar. 
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M.  6k6chj  : 


Es  sci  nun  das  Rohr  so  erzeugt,  dass  die  Umfangsdehnung 
unter  dem  Innendruck  P,  liberal]  gleich  sein  soli.  Wir  setzen 
also 

T  P 

worin  Ed  und  ///,/  den  Elastizitatsmodul  und  die  Poissonsche  Kon- 
stante  dcs  Drahtmaterials  bedeuteifc.  Setzen  wir  fur  T  den  Wert 
aus  Gleichung  (3)  ein,  so  bekoinmen  wir  nach  Integration  mit  der 
Beriicksichtigung,  dass  die  radiale  Spannung  an  der  Aussenflache 
Null  wird, 

nid—  1 

^^r^K^r-1]'  ^ 

wo  man  unter  Sa  die  reduzierte  Umfangsspannung  zu  verstehen 
hat,  oder  nach  einiger  Umfonnung, 

aid  - 1 


md—l     L      md\  r  J  J 
Fiir  den  Innendruck  P,  hat  man  nur  in  (10)  r=r:  zu  setzen, 

m,i  -  1 

*~7&Ai  "  -1)  ™ 

Die  Spannungen  im  Ruhezustande,  wo  iJ,=0  ist,  zu  ermit- 
teln,  konnen  wir  die  Superpositionsgesetze  anwenden.  Wir 
brauchen  das  Rohr  nur  als  aus  einem  Stuck  bestehend  und 
Innendruck  ausgesetzt  anzusehen.  Seien  P'  und  T  die  Spannun- 
gen im  oben  erwahnten  Rohr,  dass  wir  den  natiirlichen  Zylinder 
nennen  wollen;  p  und  t  die  Spannungen  im  Ruhezustande,  so 
hat  man 
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t=T-T'=-^sJi-M-^)  md  l-Lr^    pl5  (i4) 

md—  1      L      md\  r  J        J        fc^— 1 

wo  man  I\  aus  (12)  einzufuhren  hat. 

Die  Windungsspannungen  der  Drahte  zu  ermitteln,  stellen 
wir  ims  ein  halb  erzeugte*  Drahtrohr  vor,  dessen  innerer  und 
ausserer  Radius  r,  bzw.  r<r2  ist.  An  der  aussersten  Flache  ist 
jetzt  die  Umiangsspannung  nicht  anders  als  die  Windungsspannung 
und  die  radiale  Spannung  Null,  wahrend  im  ganz  fertigen  Draht- 
rohr  in  diesem  Punkte  sich  gerade  die  in  den  Gleichungen  (13) 
und  (14)  ausgedriickten  Spannungen  p  und  I  befinden  sollten. 

¥  !  Hieraus  sehen  wir, 

dass,  wenn  man  p  auf 
der    Aussenflache  des 
halb  erzeugten  Draht- 
*     rohres    ansetzt,  dann 
sich  die  Windungsspan- 
—    nung  W  zu   t  iindert. 
Also,  wenn  t'  die  Um- 
fangsspannung  an  der 
Aussenflache  eines  na- 
tiirlichen    unter  dem 
Aussendruek  p  befind- 
lichen  Zylinders  mit  den 
Radien   rt  und  r  be- 
deutet,  so  rnuss         W+t'=t  Sein. 

Nacli  Einsetzung  der  Wcrte  von  t'  und  t  aus  den  GL  (2)  und 
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(14)  erhalt  man 


Lim  JF=0. 


Ein  ganz  ahnliche  Betrachtung  liefern  uns  audi  die  Ausdriicke 
der  SpannuDgsverteilung  in  verschiedenen  Geschiitzrohren,  z.B. 
in  einem  Drahtrohre,  welches  untei'  innerem  Dmck  gleichmassige 
Umfangsspannung  erfahrt,  oder  im  Ruhezustande  gleichmassige 
Umfangsdehnung  erfahrt,  u.s.w. 

Ubrigens  hat  man  noch  cine  andere  Art  des  Drahtrohres,  wo 
die  Drahte  mit  konstanter  Windungsspannung  aufgewickelt 
wordon  sind,  zu  behandeln.  In  diesein  Falle  gehen  wir  zunachst 
vom  Ausdriicke  der  Windungsspannung  aus,  also 

t—t'=W=konst. 
Setzt  man  t'  und  /  aus  Gl.  (2)  und  (.'>)  ein,  so  hat  man 

dr     i\r-—i\-)  r 

i 

Integriert  man  diese  Gleichung  mit  Riicksicht,  dass  fur  r=r2,p=o 
ist,  so  wird 

 ^ 


woraus  folgt 


Fur  die  Spannnngen  unter  dem  Innendrucke  P,  brauchen  wir 
nach  dem  Superpositionsgesetze  nur  die  Spannungen  im  natiirlichen 
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Hohlzylinder  unter  gleichem  Innendruck  zu  den  Spannungen  im 
Ruhezustande  zu  addiercn.    Es  ergiebt  sich: 


(-?)'- 


I 


Wenn  das  Drahtrohr  aus  mehreren  Lagen  mit  variierender 
Windungsspannung  besteht,  so  stellen  wir  die  Losung  in  folgender 
AYeise  auf: 

Es  seien  r„  r2;  r2,  rs;  ?•„_,,  rn;  r,„  r„+1;  die  inneren  und 

ausseren  Halbmesser:  WM  W2,  TFS  TT'„_.,  Wn  die  Windungs- 

spammngen  der  beziehungsweise  1""",  2V"  ri'n  Lage,  so  haben 

wir  fiir  die  ausserste  Lage  nach  Gl.  (17) 


und  die  radiale  Spannung  zwischen  der  n"n  und  n—\'en  Lage  ergibt 
sich,  wenn  man  statt  r,  r„  schreibt, 

Ahnlicherweise  fiir  die  n—  lfe  Lage, 

dr     r(r*— r^)  r 

Integriert  man  diese  Gleichung  mit  Riicksieht,  dass  fiir  r=rn  p= 
pn  ist,  so  wird 
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M.  Okochi  : 


So  gehen  wir  zu  den  inneren  Lagen  iiber  und  finden  fur  die 
m/e  Lage  mit  den  Radien  rm  und  rM+tJ  wo  »*<:m  ist, 

*4  [>-(-?)G  d  *•*  :rf^hWJo  -(18) 

Die  Umfangsspannung  lasst  sich  schreiben  aus  Gl.  (15) 

*=  ^^i" + &  -^-)  (19) 

Fur  die  Spannungerj  unter  Innendruck  hat  man 

(r«+{-f?)r 

T=t+p4±^£  Pi. 

3.   Drahtkanonen  mit  Kernrohr. 


Es  seien 
r9,  r3 


Fig.  3. 

der  innere  und  der  aussere  Radius  des  Kernrohres; 
dieselben  des  1  )ralittcils; 
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P2  der  radialo  Druck  zwischen  Kernrohr  und  Draht- 

teil  unter  Innendrack ; 

p2  derselbe  im  Ruhezustande; 

£JU  mu  «,      der  Elastizitatsmodul,  die  Poissonsche  Konstante 

und  der  Temperaturkoeffizient  des  Kernrohres: 
JEd,  m,h  a,     dieselben  der  Drahte. 

Zunachst  betrachten  wir  einen  Fall,  wo  die  Drahte  auf  dem 
Kernrohre  so  aufgewickelt  worden  sind,  dass  im  Momente  des 
Schusses  am  Drahtteil  eine  iiberall  gleiclnniissig  reduzierte  Urn- 
fangsspannung  Sd  auftritt,  dann  folgt  nnmittelbar  aus  Gl.  (10) 
und  (11): 

>»d-i 

Bid— 1 


T_  ™*  sSi-  1  ( M  md  1 

rnd—\    d  L      m4\  r  J  A 


und 


ma- I 


p.,=  m* ,  sht  m  -i), 


wobei 


ist. 


'2 


Die  reduzierten  Sapimungen  im  Kernrohre  sind  leicht  ermittel- 
bar,  z.B.  fur  die  Spannung  nach  tangentialer  Richtung  hat  man 


m,i  —  1 


g_   Pi  ( »h  —  1  ,  m:  +  1  tj?\_      nidSgki2      ( mi—  1  ,nh+  1  m 
k?-l\  nh        mi    r?)    (md— l)(*!s— 1)\  to,        mx    r8/  2 
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Daraus  folgt,  wenn  S,  die  zuliissige  Inanspruchnahme  auf  Zug 
bedeutet,  dass  der  Innendruck,  dem  das  Drahtrohr  Wider-stand 
leisten  soli, 

mg  - 1 

P  _      S^r-l)  +       2m„SllklXh  -1) 

wird. 

Wir  wollen  jetzt  die  Temperaturspannungen  beriicksichtigen. 
Es  seien  0„  und  08  die  Temperaturen  in  Punkten,  deren 
Abstande  ru  rs  l>z\v.  r$  von  dor  Langsachse  betragen,  a,  und  «2 
die  Ausdehnungskoeffizienten  des  Materials  des  Kernrohrs  und 
Drahtes.  Dann  lassen  sieli  die  Spannungen  in  den  drei  Richtung- 
en  innerhalb  des  Kernrohrs  aus  Gl.  (7),  (8)  und  (9)  schreiben: 


2>x-l)  L    Af-l     +V  r  J  J  ' 

a         mxExa,    r-k?e,-ey  _(  rA^-fr,      6,-8,  a~\ 

'•1-2vWl-l)L  frr-l      \TJ  ^2-l      PI  J' 
An  der  aussereri  und  der  inneren  Flaclie  gilt 

woraus  als  Umfangsdehnung  der  Aussenseite  der  Wert 


folgt. 
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Diese  Dehnung  wird  aber  durch  den  Drahtteil  einigermassen 
verhindert  werden,  demriach  tritt  anf  der  Grenzflache  ein  radialer 
Druck  /72  ein,  den  zu  ermitteln  wir  wieder  den  Drahtteil  als  aus 
einem  Stuck  bestehend  betrachten.  Man  hat  dann  an  der 
ausseren  imd  der  inneren  Flache 


und  die  Umfangsdehnung  der  Innenseite  wird 

27tr.2- 


J8a  »h 

Die  beiden  Flachen  unter  dem  normalen  Druck  I72  miissen 
immer  kontakt  bleiben,  also  nach  Vergleichung  der  Umfangsdeh- 
nungen  beider  Flachen  erhalt  man 

m,  —  1  in —  1 

Endlich  haben  wir  fiir  die  samtlichen  Spannungen  im 
Momente  des  Schusses  in  der  Drahtspule  die  Ausdriieke: 


/72,   (21) 


ra,;-  1  /  To  Y- 


"4<i —  1 


und  irn  K  em  roll  re: 
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p-Y-i  (-ay-* 

ifti—  1 

In  diesen  Gleichugen  bedeuten  or,«,  ot,&  und  <t://  die  radiale, 
tangentiale  und  axiale  Spannung  in  dor  Drahtlage:  und  ^M 

die  gleichen  im  Kernrohre. 

Wenn  wir  nur  die  reduziertfe  Umfangssparinung  S  in  der 
Drahtlage  beachten,  so  bekommen  wir 

f— Y+i    i  /       -y-i  x 

s=s<+,,,+V-;-/:-1_//!--(»,,+»r — £-3-//,). 

und  os  wird  an  dor  Aussenseite 

s,=s4+w.-«.)(1^-^)+1|§r. 


Man  sieht  aus  diesem 
Ausdrucke,  dass,  wenn 
^3<^2  ist,  Brachgefahr  an 
dor  aussersten  Sehichte 
dor  Drahtlage  im  Momente 
des  Schusses  ointreten 
wird. 

J  )ie  Spannungsvertei- 
lung  im  Ruhezustande  ist 
oli no  weiteres  ermittelbar, 

I*   rj  TTTTZj  wenn  man  die  Spannun- 

Fig.  4.  gen  im  naturlichen  Zylin- 
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der  unter  Innendruek0  bestimmt.  Dazu  brauchen  wir  nur  den 
normalen  Drack  P>  anf  der  Grenzflache  zu  finden.  Nach  der 
Vergleichung  der  Umfangsdehnungen  beider  Kontaktflachen  hat 
man: 

2 

tj  =  k*-l)  

1     nij  + 1  +  (wt  —  1  w,,  -  1  +  {md  + 1 

J)ann  wird  wieder  nach  dem  Superpositionsgesetze 

P,^P,-BlP1, 
und  die  Spanmmgen  im  Drahtteile 

M,i  -  > 

Beriicksichtigen  wir  wieder  die  Temperaturspannungen,  so 
tritt  die  grosste  Druckspannung  an  der  Innenseite  des  Kernrohres 
mit  der  CJWisse 

<=->?:W  "a-^*-*  (^r-ipr) (2  () 

auf. 

Die  Windungsspannung  wird  nach  Gl.  (15)  ermittelt: 

)»,/  —  i 

wd— J      L      ?/'<A  »•  /       J      Ay  —  1  \  ?'"      y     ar-  —  br./ 


1)    L.  Boltzmann,  Sitzgsbr.  </.  /.-.  Akad.  </.  WisaenBch.  in  Wien  53  (1839)  p.  679. 
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falls 


ist. 


a = — m^w-ij — 1 + "l" + 1 '    b=a-2  "l* 


Ahnlicherweise  konnen  wir  die  Spannungen  in  den  Draht- 
geschiitzen  erraitteln,  die  die  gegebenen  anderen  Bedingnngen 
erfiillen.    Von  diesen  \yollen  wir  nur  zwei  Arten  behandeln. 

Sind  die  Drahte  auf  dem  Kernrohre  mit  gleicher  Windungs- 
spannung  aufgewickelt  worden,  so  bekommen  wir 

ar—br.r 

Folglich  wird  der  Druck  in  dor  Drahtlage 

P  =  —, — ^(ar—br.r)  In — % — —^  , 
r     2ar2K  ■ '  J  ar-br.f 

und  der  an  der  Kontaktflache 

m.,W  ,  al.r  —  b 

a  Aula 

woraus  als  Spannung  im  Momente  des  Schusses  folgt 


und 


a  Am., 


Man  kann  sehr  leicht  die  Temperaturspannungen  beriicksicht- 
igen,  weil  wir  schon  //•>  in  der  Gl.  (20)  gefunden  haben,  so  z.B. 
im  Kernrohr  unter  Innendruck: 


Die  transversals  Fostigki  it  dor  Drahtkanoncn. 


259 


Aus  Formeln  fiir  die  Spannungen  in  der  Drahtlage  im  Mo- 
mente  des  Schusses  sowie  im  Ruhezustande  sehen  wir,  dass  wir 
verschiedene  Spannungszustande  mit  der  konstant  bleibenden 
WindungsspannuDg  erhalten  konnen. 

Vergleichen   wir  die  reduzierten  Umfangsspannungen  der 
ausseren  und   inneren   Seite  der  Drahtlage   im   Momente  des 
Schusses,  so  bekommen  wir  eine  Windungsspannung 

(l  +  — )  aB.P, 
(       1      A,  ah?—b 

die  die  gleiche  tangentiale  Dehnung  erzeugt.  Es  bietet  auch 
keine  Schwierigkeiten,  eine  Windungsspannung,  die  die  gegebene 
Drackspannung  an  der  Innenseite  des  Kernrohrs  im  Ruhezustande 
erfahrt,  zu  ermitteln  und  andere  Falle  zu  behandeln. 

Der  Spannungszustand  im  Drahtgeschiitze,  wo  die  Drahtspule 
aus  mehreren  Lagen  mit  verschiedenen  Windungsspannungen 
besteht,  kann  leicht  nach  Formeln  (18)  und  (19)  ausgedriickt 
werden: 

P  2SPv£.        ari-bri  +  W Jg  ar--br.>  J' 

2ar-    \£?n         arx-—br./  J  ar—brj  J 

wo  rn+1  und  r3  den  ausseren  und  den  inneren  Radius  der  Drahtspule 
bedeuten. 
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Es  sei  also  jr.,  die  Windungsspannung  der  innersten  Drahtlage 
niit  den  Radien  r2  und  r$;  Ws  diejenige  der  Drahtlage  mit  r3  und  r4 
u.s.w.,  so  wird  der  Druck  auf  der  ausseren  Flache  des  Kernrohres 

a  VTn  ar,.--br.r  3    2w,,  ; 

wahrend  die  Spannungeii  unter  innerem  Druck  sich  schreiben 
lassen ; 

Der  Spannungszustand  mit  Riicksicht  auf  die  Temperaturdiff- 
erenz  zwischen  den  Mantelflachen  ist  leicht  ermittelbar,  da  ohne 
weiteres  Gl.  (20)  sich  anwenden  lasst,  und  man  kann  dieahnlichen 
Gleiehungen  wie  (21),  (22),  (23),  u.s.w.  finden. 

4.    Die  Festigkeit  der  grosskalibrigen  Drahtkanonen  mit 
komplizierler  Konstruktion. 

Wir  wollen  jetzt  die  oben  erwahnten  Formeln  fiir  kompli- 
zierte  Konstruktionen  praktisch  anwenden,  in  denen  die  Drahte 
auf  dem  Doppelkern  aufgewickelt,  und  ein  Mantelzylinder  auf  dem 
Drahtteile  aufgeringt  worden  ist.  Zunaehst  wollen  wir  die 
Bedingung  des  grossten  Widerstandes  auf  Zug  gegen  Innendruck 
aufstellen. 

Es  seien  1\  I\  Pn+U  die  auf  der  Beriihrungsflache  einwirk- 
enden  Normalspannungen  unter  dem  Innendruck  Pu  wobei  der 
Index  die  Lage  anzeigt,  in  Ubereinstimmung  mit  dem  der  Radien, 
also  ist  jede  dieser  Spannungen  beziiglich  der  nach  innen  gelege- 
nen  Lage  als  Aussendruck  aufzufassen, 
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£>2,         pn+i,       dieselben  Spannungen  im  Ruhezustande, 

Eu  E2,  E,u  Et,  die  Elastizitatsmoduln, 

mu  7th,  'm,h  '"h,  die  Poissonschen  Konstantcn, 

Su  S2,  Sd)  S4,  die  zulassigen  Inanspruchnahmen  auf  Zug  des 
inneren  und  des  ausseren  Kerns,  der  Drahte  und 
bzw.  des  Mantelzylinders.    Ferner  setzen  wir 

l.    r-i  If  _    r>.  l-           r"  +  l  I-    rn+'l 

«1  ■ —  >      "s  J      ft3  »      A»  +  l  • 

n  r2  r,  rn+1 

Der  Mantelzylinder  erfahrt  einen  Innendruck  Pn+i,  also 
besteht  die  folgende  Beziehung  nach  (5) 

C»4+l)ftJ+l+<-l  ' 


welche  die  grdsste  Normalspannung  fur  den  Mantelzylinder  ist. 
Fiihren  wir  die  Bedingung  der  gleichmassigen  Umfangsdeh- 
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nung  der  Drahtlage  ein,  so  ergibt  sieh  die  NormalspannuDg 

IHrf  -  1  -  1 


— j-  <S0^A-8    d  —  1^  +  A3    d  PB+| , 


md- 


und  fur  die  Normalspannung  zwiscben  dem  beiden  Zylindem  des 
Doppelkerns  hat  man  aus  der  Grundgleichung; 

p_      m.,(Z-,2— 2mJif 

*  1  7  .  ~i  ,  i"  ■>   .  ™     T~  t 


(w.,+  l)Av  +  m.,— 1      (Wj+ljAy+TOj—  ]  " 
p  _       »h(ki2—  ,  2w1Ay>  p 

Die  letzte  Gleichung  zeigt  den  Innendruck,  dem  das  Geschiitz 
Widerstand  leisten  soil. 

Die  Spannungen  im  Ruhezustande  zu  ermitteln,  brauchen 
wirnurdie  Si>annungen  im  naturlicben  Zylinder  unter  Innendruck 
JPi,  von  den  oben  gefundenen  Spannungen  im  Geschiitze  im 
Momente  des  Sehusses  zu  subtrahieren ;  dazu  ist  erforderlich,  die 
Noimalspannungen  anf  den  Beruhrungsflachen  im  natiirlichen 
Zylinder  auszudriicken. 

Seien  iV,  P3,  und  P',t+]  der  Normaldrack,  wo  r=r«:  r=r3  und 
r=rn+1  ist,  so  bekommen  wir  nach  Vergleichung  der  Umfangsdeh- 
nungen 

p3'=b,p.:, 

P/=^Pi,   (24) 

WO 
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s     m,,  —  l  +  (m,,  +  l)Ay-'        2  BJcf        w,  + 1  +  (m2 — 1  )k2l 

2 


ist. 

Daraus  folgt 

P/sBAP,  (25) 

^;«=-BiB8APi,   (26) 

unci 

p,  =  P,-BlPl,   p^P.-B.B,^,  pB+1=Pn+1-B1B2B8P1. 

Die  Spannungen  in  der  tangentialen  Richtung  im  Ruhezu- 
stande  sincl  sehr  leicht  zu  ermitteln,  so  wird  z.B.  die  Druckspan- 
nung  an  der  Innenseite  des  Innenkerns; 

Es  bleibt  uns  noch  iibrig  die  Temperaturspannungen  zu 
finden.  Bedeuten  «,,  «,/  unci  a4  die  Ausdehnungskoeffizienten 
des  Innen-  unci  des  Ausscnkerns,  cler  Drahte,  unci  des  Mantelzylin- 
ders,  Bu  62,  &n+i  und  0n+2  die  Temperaturen  an  den  Stellen 
r=ru  r=r2,  r=r3,  r=r„+l  unci  r=rB+2;  #2,  ^3?  unci  7/„+i  die  von 
cler  Temperaturspannung  erzeugten  Drucke  auf  den  Beruhrungsfla- 
chen,  dann  haben  wir  wieder  nach  Vergleichung  der  Delmungen, 

//nll  =  2(:i  +  S,//:1, 

//,=%,+  23  J  I,,  . 

/7,=2l,  (27) 
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WO 


m*— ]  »t4  — 1 

3L  = 


iMW+i-l)  m^fc^-l) 

m.,—1  m>d— 1  2^-3  g« 

a  gggj  <T8-2~^E7<7^+  iw-i)  Jl*  ( 

md  —  l  +  (7»(i+l)L,-  _       2A-,,-  ™  1  I  )kj  ' 

—  1  2  A.,2  q, 

* 1     w2-l  +  (w2+l)ft.,2         2k.r  m^  +  l  +  jith-l)^  ' 

2 

<g  Ed(k%l—\)  

J       W4  — l  +  (W4  +  l)A-n-n        W(;+l+(?».rf— l)^  ' 

m4tf4(&*+1-l)      +  mdt!JJcas-l) 

0! 


ig  Erfjio  —  1) 


?nd-l  +  (md  +  l)k-2         2ft,8  m2  +  l  +  (r»2-l)A/ 

mdEA{hi  - 1 )         Ed(k*- 1 )  ^3 +     m2        - 1 ) 

ist,  wonach 

//3 = 21,  +  33.^ ,   (28) 

^+i=2I3  +  «a'2I2+a2II)  (29) 

In  diesen  Gleichungen  ist  a  die  Temperaturspannimg,  wo  der 
vordere  Index  die  Lage  der  Fliiche  anzeigt,  wahrend  der  hintere 
den  Innen-  mid  Anssenkern,  den  Drahtteil  und  bzw.  den  Mantel- 
zylinder  bedeutet.  Natiirlich  sind  diese  Ausdriicke  auch  fur 
die  aus  fiinf  Hohlzylindern  bestehende  beringte  Geschutzkonstruk- 
tion  verwendbar,  in  welcher  l>is  jetzt,  so  viel  icli  weiss,  die 
Temperaturspannungen  noch  nicht  beriicksichtigt  worden  sind. 
Nun  lassen  sich  die  Spannungen  nnter  Innendruck  mit  Riicksicht 
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auf  die  Temperaturdifferenz  ohne  weiteres  schreiben;  es  ergiebt 
sich  namlich  die  reduzierte  Spannung  in  tangentialer  Richtung  an 
der  ausseren  Drahtschichte 

c<_o  j_  ™d—\  2       n  md+l+(md-l)k<? 

mdEd  hd{kf-l)  mdEJJc?—l) 

indem  statt  //3  und  ^„+i,  die  Werte  aus  Gleichungen  (25)  ond  (20) 
einzufiihren  sind. 

Man  sieht  aus  diesem  Resultate,  dass  wenn  die  Innentempera- 
tnv  hdher  als  die  aussere  ist,  die  reduzierte  Spannung  nach  tangen- 
tialer Richtung  die  zulassige  Inanspruchnahme  auf  Zug  iiber- 
schreitet.  und  zwar,  dass  sich  die  Bruchgefahr  an  der  iiussersten 
Schichte  der  Drahtlage  findet. 

Fiir  die  AYindungsspannung  der  Drahte  erhalt  man  aus  Gl. 

(15), 

W=t+  aK+bf\p,   (30) 


wo 


ma-1  m  ,-l  f  ruil  V  , 


ma-1  m,i - 1  /  r„+1  Y-  i 

„_    m,i    a  V(  rn+\\  "ld  _]"]  J.Z-   "'d  p    -  V  r   )  ~  p 


_l  \  r  y  P' 


i1=a1-2m,j, 
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und 


2k*  ] 

 g^-l) 

i  1)7. y  _+(■/«,+  I  )/.y 

witf^-l)  ?»,&',(/,-/- 1) 


zu  setzen  ist. 

Ks  sei  Dn+i  die  Schrumpfmasse  zwischen  Drahtteil  und  Man- 
telzylinder,  die  den  Druck  Pn+i  nn  Momentedes  Schusses  erzeugen 
moge,  D2  dieselbe  zwischen  Innen-  und  Aussenkern.    Ferner  sei 
»•„+!,  4  der  Innenradius  des  Mantelzylinders, 
rn+]j(j  der  Aussenradius  der  Drahtspule, 
»•»,  2    der  Innenradius  des  Aussenkerns, 
>■■>,,    der  Aussenradius  des  Innenkerns  vor  der  Bering- 
ung,  so  bestehen,  wenn  man  naherungsweise 


n  +  l  ' 


rn+l,  il   7-  r%  1   _  7. 

 f 8  >  1  ) 


setzt,  die  folgenden  Beziehungen: 

.•.t,.(l  +  f)  =  '.i,„(l  +  f). 
Daraus  folgt,  dass 


7")   O,.  Si^rl  SrfEt 


ist,  und  ahnlicherweise  hat  man 
Da=2r3)1 


1+x 


In  den  vorhergehenden  Fallen  haben  wir  nur  die  Wider- 
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standsfahigkeit  auf  Zug  betrachtet,  aber  erne  ganz  ahnliche 
Betrachtung  ermoglicht  die  Formeln  aufzustellen,  wo  die  Inan- 
spruchnahme  des  Materials  auf  Pruck  beriicksichtigt  ist. 

Wenn  die  Schrumpfmassen  Dn+l  und  I)%  als  vorher  bekannt 
vorausgesetzt  sind,  konnen  wir  die  Spannungen  im  Mantelzylin- 
der  und  Aussenkem  nicht  mehr  beliebig  nehmen,  wahrend  die 
Spannungen  in  der  Drahtlage  und  im  Innenkern  beliebig  annehm- 
bar  sind.  Setzen  wirvoraus,  dass  die  Drahte  so  aufgewickelt  sind, 
dass  eine  gleichmassige  Umfangsdehnung  unter  Inriendruck 
herrscht. 

Vergleicht  man  die  Dehnungen  der  Beriihrungsflache,  so 
bekommt  man  die  Drucke  als  Funktionen  der  gegebenen 
Schrumpfmasse 

_  WlE4(^-l)(2,,1+1,d|^+Dn+I) 

m,i  —  1  vid  —  t 

p*=^T8\k*   -lrh   p»+i  (82) 

Es  bleibt  uns  noch  iibrig,  den  Innendruck,  der  die  gegebene 
Inanspruchnahme  im  Innenkern  erfahrt,  zu  bestimmen.  Hierbei 
haben  wir  drei  Gleiehungen  mit  drei  Unbekannten,  namlich 

*  S?<?=15      II  J?=TP» 

o  _  (m.,  +  l)k.r  +  m.,-\  p  _  2&ss  p 


I>,=2rJ<1 


l+4 


w oraus 
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wi3gs(A-8s-1)     V      2r,1/J  2ft/-' 


/-'-n 


(33) 


2^  JW-l) 
wird. 

Fur  die  Windungsspannungen  der  Drahte  ist  Gl.  (30)  auch 
gidtig,  wo  nur  statt  Pn+1  und  J\  die  Werte  aus  Gl.  (31)  und  (33) 
einzusetzen  sind. 

Wcnn  die  Windungsspannungen  und  die  Schrumpfmasse 
niclit  nach  den  gegebenen  Bedingungen,  sondem  schon  vorher 
festgestellt  worden  sind,  dann  stellen  wir  uns  die  Aufgabe  wie 
folgt  vor: 

Es  seien  Dn+U  D2  die  Schrnmpfmassen,  W3,  1F4,  Wn-i,  Wn 

die  Windungsspannungen  der  Drahte  an  der  Lage  mit  den  Radien 

r3  und  r4,  r4  und  r6  rn  und  rH+u  dann  betragt  der  Druck  an  der 

Aussenseite  des  Drahtteils  nach  derBeringung  des  Mantelzylinders 
mit  der  Schrumpfmasse  Dn+i, 

„    _   2rn+M  


(ro4  +  l)Z%+1  +  ?»4—  1  A_   Dn+1   \_     1  rnd{a1Jc;2  +  bi)~]  . 

£4(^1- 1)       \      2rn+lftf/    wrtEd  L        ajii-by  A 

Die  radiale  Spannung  an  >•,  wo  r„<r<r„+I  ist,  wird 

und  an  der  Lage  mit  den  Radien  rm  und  .••„,+,  geht  sie  iiber  in 

1        2a1r«     V£n    mV  art-bp?  17   a^-bp*  aJcf-bS™ 

 (34) 
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woraus  folgt 

 (85) 

An  der  Mantelflaehe  des  Anssenkerns  ergibt  sich  die  radiale 
Spannung 

fli  \£         «i'V—  V»  2m4rt-        aiky-bl  J 

dann  bekommt  man  nach  Vergleichung  der  Umfangsdehnmigen 
an  der  Beriihrungsflache  des  Aussen-  und  Innenkerns, 

Die  Spannungen  im  Moraente  des  Schusses  sind  ohne  wei teres 
ermittelbar,  weil  die  Drucke  P2\  P3'  und  P',l+]  schon  in  den  Gl. 
(24),  (25)  und  (26)  aufgestellt  worden  sind.  Hier  wollen  wir  z.B. 
nur  die  Spannungen  in  der  Drahtlage  ausdriicken: 

r='+  [( v-J-(4"-+i")B,+  1]  ^er  • 

wo  manj5  und  I  aus  den  Gl.  (34)  und  (35)  einzufiihreri  hat. 

Mit  Kiicksicht  auf  die  Temperaturunterschiede  findet  man  die 
Spannungen  im  Momente  des  Schusses  sowie  im  Ruhezustande  in 
derselben  Weise,  wie  wir  im  vorhergehenden  Falle  getan  haben ; 
so  lassen  sie  sich  z.B.  im  Mantelzylinder  unter  Innendruck 
schreiben 
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miEtat 

2(^-1) 


[ 


+ 


0~j 


(pft+l+B1BsB8P1+/7n+l)  + 


niiEial  r 


?n-4  EJ4«4 
m4—  1 


■(*„.-*). 


In  den  oben  erwahnten  Formeln  zur  Festigkeit  dor  Draht- 
kanonen  treten  immer  die  Verhaltnisse  der  Radien  hinein.  Die 
Berechnung  der  Formeln  zu  erleichtern  ist  die  Tabelle  von  k  and 
seine  Funktionen,  nach  der  Annahme,  dass  m=B  ist,  zusammen- 
gestellt.0 


1)    Diese  Tabellen  f  iir  beringte  Geschiitze  siehe  : 

L.  Tsoucalas  ;  Revue  d'Artillerie  T.  48  p.  507. 
A.  Mattei ;  Rivista  di  artig.  e  genio  1895. 

O.  Dirmoserj  Mitfceiluag.  ii.  Oogonstiinde  d.  Artillerie  u.  Genievr.  1907  p.  311. 


Waffentechnisches  Institut  d.  Kaiserl.  Universitat 
zu  Tokyo.    Marz  1914. 
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Many  practical  engineers  and  designers,  who  have  attempted 
to  determine  the  shape  or  to  discuss  the  form  of  the  blades  of 
a  water-turbine  rotor  or  of  a  centrifugal  pump  impeller,  have  long 
confined  their  attention  to  mathematical  formulae  based  upon 
hydraulic  investigations.  Although  some  of  the  graphical  solu- 
•  tions  have  in  certain  cases  been  applied,  it  has  been  only  to  a 
small  portion  of  the  whole  process. 

The  method  I  propose  in  this  paper,  is  a  pure  graphical 
solution  throughout  the  whole  process  of  discussion,  and  greatly 
simplifies  studies  on  the  rotor  or  impeller  blades  of  these  machines. 

Almost  everyone  knows  the  so-called  entropy-diagrams  and 
how  to  make  the  best  use  of  them  in  solving  many  problems 
relating  to  steam-turbine  vanes,  but  I  wonder  why  no  one  has 
ever  proposed  a  diagram  relating  to  water  turbines  and  centrifugal 
pumps,  as  convenient  as  an  entropy  diagram.  This  is  why  I  have 
thought  of  constructing  a  new  diagram  relating  to  water  turbines 
and  centrifugal  pumps,  which  is  analogous  in  many  respects  to  an 
entropy-diagram  in  the  case  of  a  steam  turbine.  The  diagram,  I 
here  suggest,  may  not  lie  the  best  one,  but  I  believe  it  to  be  one 
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of  the  best.     I  shall  be  only  too  pleased  if  some  one  will  improve 
upon  it. 

The;  centrifugal  pump  is.  in  all  respects,  the  reverse  of  the 
■water  turbine,  and  the  discussion  of  the  centrifugal  pump  will 
equally  be  applicable  at  once  to  the  water  turbine.  I  shall,  there- 
fore, proceed  to  show  the  applications  only  to  the  centrifugal 
pump,  for  the  sake  of  brevity  in  statement. 

Fundamental  Hydraulic  Equations 

Referring  to  Fig. 
1,      the  notations 
with     the    suffix  1 
signify  those  at  the 
point  of  entrance  in- 
to the  impeller  chan- 
nel, and  those  with  . 
the  suffix  2  signify 
those  at  the  point  of 
exit  from  the  impel- 
ler channel  and  en- 
trance into  the  dif- 
fuses Let 
d  and  d  =  absolute  velocities  of  water, 
wy  and  ws  =  velocities  of  water  relative  to  the  impeller, 
Ux  and  v2  =  peripheral  or  circumferential  velocities  of  the 
impeller, 

vx  and  vs  =  radial  velocities  of  water, 

ctj  =  angle  between  z/,  and  cu  denoting  the  direction 

of  the  absolute  entrance  velocity, 
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-s  =  angle  between  u>  and  c2,  denoting  the  direction 

of  the  absolute  exit  velocity,  or  tlie  entrance 
angle  of  diffuser, 
/9i  and  t%  =  entrance  and  exit  angles,  respectively,  of  the 
impeller, 

r,  and  r2  =  inside  and  outside  radii  of  the  impeller, 
H  =  actual  total  head  of  water,  or  the  actual  height 

between  the  higher  and  lower  water  levels, 
g  —  acceleration  due  to  gravity, 

all  the  units  being 
conveniently  ex- 
pressed in  the  foot- 
pound-second sys- 
tem of  measure- 
ment, 

From  Fig.  2 
t  he  tangential  com- 
ponent of  the 
change  of  momen- 
tum per  second 
tb rough  the  impel- 
ler, if  m  be  the  mass  of  water  do  wing  per  second,  is  given  by 

m  c2  cos  u.j  —  m  Ci  cos  ax. 
This  is  no  other  than  the  force  of  rotation  of  the  impeller.  The 
moment  imparted  to  the  water  by  the  impeller  is,  therefore, 

r.,  m  c,  cos  a.,  —  rx  m  cx  cosa^ 
Hence,  if  o  be  the  angular  velocity  of  the  impeller  per  second, 
the  energy  E  given  to  the  water  by  the  impeller  per  second,  will  be 

E  —  (r2  m  c-,  cos  a.,  —  rx  m  cx  cos  ax)  at, 
or  since  <°  rt  =  Ms      an(1      <°  r\  =  «i> 
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]<]  =  m  (u.,  c,  cos  «._,  —  ?<!  Ci  cos  «j)   (1) 

If  there  were  no  resistance  to  the  flow  of  the  water,  the 
energy  given  to  the  water  per  second  would  be  equal  to  mgH. 
But  actually  the  flow  is  always  exposed  to  hydraulic  resistances 
due  to  friction,  bends,  sudden  changes  of  section.  &c,  which 
require  additional  energy.  Moreover,  the  water  must  be  carried 
through  the  delivery  pipe  with  the  velocity  cd,  called  the  residual 
velocity,  and  the  energy  must  be  increased  bv  the  amount 

2<jr 

The  sum  of  heads  due  to  hydraulic  resistances  is  usually  denoted 

c 

by  the  expression  S^~—-,  C  being  the  coefficient  of  resistance. 
The  bead,  therefore,  through  which  the  pump  strives  to  lift  the 
water  is  always  greater  than  II,  and  is 

2,7  2g 

which  is  usually  called  the  theoretical  total  head.  We  may 
generally   consider  the   los*  head  +         to   be  some 

percentage  of  the  actual  total  head  H,  and  to  be  represented  by 
the  equation 

X  being  some  coefficient.  Hence  the  theoretical  total  head  is 
expressed  by 

H  +  XH      or      (1  +  /)  H, 
or  calling  1  +  ^  =  0,  the  theoretical  total  head  is  now 

It  will,  therefore,  be  seen  that  the  value  of  $  is  always  greater 

than  unity  for  a  centrifugal  pump,  and  —  is  called  the  hydraulic 

P 

efficienc}T  of  the  pump,  which  is  generally  represented  by  the 
symbol  r{. 


Graphical  Study  ot  the  Centrifugal  Pump 


•379 


For  a  water  turbine  the  theoretical  total  head  is  obviously 
equal  to 

Calling  (l—A)=y,  -q  is  always  less  than  unity  and  is  called  at  once 
the  hydraulic  efficiency  of  the  turbine.  The  distinction  of  f}  for 
a  centrifugal  pump  and  for  a  water  turbine  should  be  clearly 
distinguished. 

From  the  above  reasoning  the  energy  actually  given  to  the 
water  per  second  by  the  impeller  will  be  equal  to  mg$H,  which 
is  no  other  than  the  value  of  E.  thus 

E  =mg0H  (2) 

Equating  the  values  of  K  given  in  the  equations  (1)  and  (2), 
we  obtain 

lucfiosa...  —  u&cosa^gtfH  (A) 

This  is  a  well-known  hydraulic  equation  relating  to  the  theory  of 
the  centrifugal  pump  and  the  water  turbine,  so  popular  that  no 
further  explanation  of  it  is  needed. 

The  direction  of  the  absolute  entrance  velocity  cx  is  indeter- 
minable unless  guide  vanes  are  used  at  the  entrance,  as  in  usual 
practice.  It  is  obvious  that  the  angle  ax  is  somewhat  less  than 
90°,  for  tli e  water  in  the  vicinity  of  the  entrance  tip  is  in  some 
kind  of  rotational  motion  due  to  the  viscosity  of  water;  but  as  this 
rotational  motion  is  practically  an  indeterminate  one.  we  can  not 
give  a  true  angle  of  <h-  The  angle  o.x  is  evidently  dependent  on 
the  peripheral  velocity  U\,  and  increases  as  ux decreases,  approaching 
gradually  to  00°.  in  all  practical  cases,  however,  it  will  not  differ 
so  very  much  from  90°,  and  it  will  be  better  to  assume  «i=90°,  or 
the  direction  of  the  absolute  entrance  velocity  to  be  radial,  rather 
than  to  give  a  probable  indeterminate  angle.    Assuming  this,  all 
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or  in  this  case  cue  equa- 


th 


the  solutions  become  greatly  simplified 
tion  (A)  becomes  simply 

u^c.jcosa.j —(j^jli  (B) 

When  the  pump  is  in  the  besl  condition  the  direction  of  the 
relative  entrance  velocity  n\  is  the  direction  of  the  impeller 
Made  at  the  entrance,  and  the  direction  of  the  absolute  exit 
velocity  c2  is  the  direction  of  the  diffuser  Made  at  its  entrance. 
When  the  quantity  of  Mow  is  changed  the  directions  of  u\  and  c2 
are  also  changed,  and  there  arise  additional  losses  due  to  shock 
at  the  entrance  into  the  impeller  and  into  the  diffuser.  If  the 
directions  of  wt  and     do  not  coincide  with  the  directions  of  the 

blades,  resolve  them  into 
directions  tangential  and 
normal  to  the  vanes, 
as  shown  in  Fig.  ■*>. 
The  tangential  compo- 
nents w\  and  c'2  arc  the 
velocities  with  which  the 
flow  takes  place  through 
the  channels,  and  the 
normal  components  iv0 
and  c0  are  the  velocities 
The  additional  loss  of   head   due  to 


Fig  .  3 

entirely  lost  by  shock. 


shock,  therefore,  at  the  entrance  into  the  impeller  is  7^-,  and  at 

the  entrance  into  the  diffuser  is  ^— .  Hence,  in  this  case,  the 
equation  (B)  will  take  the  form 


or  in  another  form 


ici 


iivC.coso.., =g0H  +  -g-  +  -5- 


•(C) 
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The  hydraulic  efficiency  rt  in  this  case  is  evidently 


.(D) 


2  2 

The  pressure  head  hi  existing  at  the  entrance  into  the  impeller 
is  given  by 

and  the  pressure  head  A2  existing  at  the  exit  from  the  impeller  is 
given  by 

2.7     2#  2<7 

In  these  equations, 

/*„  =  atmospheric  pressure  expressed  in  terms  of  the 

head  of  water, 

h»  and  /i(/=suction  and  delivery  heads  respectively,  whose 

sum  gives  the  total  head  //, 
c,  and  c,,=  velocities   of   water   in   the   suction    and  the 

delivery  pipes  respectively, 
C,  =coefficient  of  lost  heads  in  the  suction  pipe  from 

its  inlet  opening  to  the  point  of  entrance  into  the 

impeller, 

and     Ca  =  coefficient  of  lost  heads  in  the  delivery  pipe  from 

the  point  of  exit  from  the  impeller  to  the  dis- 
charge orifice  of  the  pipe. 
The  difference  of  pressures  existing  in  the  clearance  space 
between  the  side  of  the  impeller  and  the  casing,  in  terms  of  the 
head  of  water,  is  evidently  the  difference  of  heads  h2  and  h,.  Hence 
calling  this  pressure  difference  existing  in  the  clearance  space,  he, 
we  have 
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h, -»1-]ikl.*.+*4+JL+JL-JL+ c JS_ + :<J A 

2;7      2<7      2.7        2?  2# 
2g        2g        2g     2g  2g 

Practically,  we  may  assume  with  approximate  correctness  that 
the  head-^-m  the  suction  pipe  is  entirely  lost  by  friction,  bends,  and 

various  shocks  in  the  impeller  channel.    Under  this  assumption, 

(c2         cs       c-  \ 
+        +      )  is  the  total  hydraulic  loss  through 

the  whole  system  which  is  simply  represented  by  the  expression 

^"C-jp  as  given  above.    Consequently  the  above  equation  becomes 

2g         2g  2g 

The  value  ( +  tt-|  is  equal  to  ^£T  shown  above. 
V      2g      2g  J 

Hence  we  have 

he=H— |_+;.£r=(i+;.)B-_A., 

2^  2g 
and  since  l+/=0,    wo  get  finally 

2 

he=tH-^-  (E) 

which  is  an  expression  for  the  pressure  difference  existing  in  the 
clearance  space.  The  leakage  of  water  from  the  delivery  side  to 
the  suction  occurs  through  this  clearance,  and  its  amount  is 
expressed  by  the  equation 

q  =  Ca^2gXr   (F) 

in  which 

</= quantity  of  water  leaking  in  a  unit  of  time, 
a=area  of  the  clearance  between  the  impeller  and  casing  at 
the  smallest  section, 
and     (7=coefficient  of  discharge  through  that  section. 
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From  this  it  will  be  seen  that  the  amount  of  leakage  is  propor- 
tional to  the  square-root  of  hc  for  a  given  pump. 

For  a  pump  or  turbine  of  the  impulse  type,  the  pressure  in 
the  channel  is  uniform  throughout  or  rather  less  at  the  exit  than 
at  the  inlet,  and  this  means  hc  is  zero  or  negative.  Hence  from 
the  equation  (E),  the  necessary  condition  of  the  impulse  type  is 


and,  in  this  case,  the  leakage  will  not  occur  or  rather  outward. 


The  equation  ucco&a=g0H,  which  is  the  generalized  form  of 
the  equation  (B),  can  he  conveniently  represented  graphically  by 


(<*) 


Graphical  Representation  of  the  Equation 

uc  cosa=g0H, 

Together  with  Various  Velocities  and  Angles 


means  of  rectangular 
coordinate  axes  as 
shown  in  Fig.  4. 


Let  the  ordinate 


be  the  axis  of  u,  and 
the  abscissa  that  of  c. 
Take  OA=w,  OB=c, 
and  draw   a  circular 


arc  BE  with  its  centre 


L 


at   O.    Draw   a  line 


O 


D  B 


'.Wig.  t 


F 


c 


OE  from  0,  making 
an  angle  a  with  the 
axis  of  c,  and  meeting 
at  the  point  E  with 
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the  circular  arc  BE.  Throng]]  E  draw  a  vertical  lino  CP,  and 
from  A  a  horizontal  line  AC  so  as  to  form  a  rectangle  OACD. 
Then,  since  OE=OB=c,  OP  is  equal  to  OEcosa,  which  is  equal 
to  ccos«.  Consequently,  the  area  of  the  rectangle  OACD  thus 
formed,  is  numerically  equal  to  the  value  of  ue  eos«,  which  is 
equal  to  gj>~H. 


represents  the  radial  velocity  v.  Also,  if  we  take  OF  equal  to 
OA  and  join  F  and  E,  the  triangle  OFF  will  he  the  same  velocity 
diagram  as  the  one  given  in  Fig  5. 

The  lengths  OA  and  01),  that  is  u  and  ccos«,  are  convenient- 
ly adjusted  in  case  of  need,  giving  the  same  value  of  gfiH,  hy 
drawing  a  rectangular  hyperbola  GCL  passing  through  C  and  con- 
taining an  area  OACD,  which  is  equal  to  g$H.  Then,  as  the  area 
of  the  rectangle  formed  by  the  abscissa  and  its  corresponding 
ordinate  of  any  point  on  this  curve  gives  the  same  area  of  flj&H', 
the  point  C  will  be  properly  established  on  this  curve  having 
suitable  values  of  0A=u  and  OD=ccos«. 

In  Diagrams  I  and  II  annexed  to  this  paper,  a  series  of 
rectangular  hyperbolas  are  drawn  on  a  squared  paper  giving  dif- 
ferent values  of  g&H.  Diagram  I  will  be  used  for  a  pump  of 
great  head,  and  Diagram  II  for  one  of  lesser  head.  In  these 
diagrams,  if  we  add  some  radial  lines  from  0  giving  various  angles 
of  a  with  the  horizontal  axis,  and  also  add  some  concentric  circular 
arcs  corresponding  to  arcs  like  AF  and  BE  (Fig.  4),  the  diagram  in 


Now,  referring  to  Fig.  1, 
the  entrance  or  exit  velocity 
diagram  is  like  the  one  shown 
in  Fig.  5,  and  referring  to 
Figs.  4  and  5,  we  may  at  once 
infer    that    in      Fig.    4,  DE 


Fig.  r> 
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each  case  will  become  more  convenient;  but  to  avoid  complication 
I  have  omitted  them  at  this  time. 

In  Fig.  6,  it  will 
be  seen  that.  if 
OT  be  a  radial  line 
making  an  angle  of 
45°  with  tl io  axes  and 
intersecting  at  N  with 
the  rectangular  1  lyper- 
bola  GL,  which  has  a 
given  value  of 
and  if  we  let  fall  a 
vertical  line  NM  from 
N  meeting  the  ho- 
rizontal axis  at  M, 
OM  will  be  equal  to 
MN.  Hence 


Fig.  6 

OM-'=OMxMN=^H. 


Take  a  point  a  on  the  line  MN  so  that  Ma  equals 

,  .  ,   .  .       wco?B  vcotS 

which  is  equal  to  — -. —  or  — ^ — 


2 


(Fig.  4). 


With  the  centre  at  a  and  the 

radius  aM,  draw  a  circular  arc  MZ».  Again,  draw  another  circular 
arc  be  with  its  centre  at  ( >.  touching  the  circular  arc  Mb  and 
meeting  the  horizontal  axis  at  e.  Then  Oe  will  be  equal  to  OD 
(Fig.  4.)  which  gives  the  value  of  ccos«. 

To  prove  this,  let  Fig.  7  be  a  diagram  composed  of 
those  shown  in  Pigs.  4  and  G,  with  a  rectangle  OD'C'F  touch- 
ing the  hyperbola  at  a  point  C.  As  OF  equals  OA,  OI>'  must  be 
equal  to  OD.    Consequently  the  rectangle  OD'SD  will  be  a  square, 


•JSC, 
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S  being  the  }>oi nt  of  intersection  of  DC  \vi th  D'C  and  also  with 
( >T.  Now, 

areaOD'C'F=area  OD'SD  +  area  DSC'F, 


Fig.  7 

or  since  area  OD'SD=ODJ, 

area  DSC'F  =  DF  x  DS  =  DF  x  OD, 
and  area  OD,C'F  =  area0ACD  =  0M", 

tl  i  erefore 

OD2  +  DFxOD-OM-=0. 
The  two  roots  of  OD  out  of  this  quadratic  equation  will  be 

DF      //  DF  V 
OD=— 2-±V("3- )  +  OW. 

1  Jut  as  OD  which  represents  ccosa  is  always  considered  positive 
in  the  present  diagram,  or  practically  generally  so,  the  quantity 
with  the  sign  of  square-root  in  the  above  expression  must  be 
positive.    It  will  be, 
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therefore 


or  since 

and  also 
therefore 


QD-y(i*y 


+  0M- 


DF 


DF 


DF 


a&  =  0a-0&  =  0a-0, 


OD  =  VMo!  +  O  M-'  -  Oa  +  O, 
=0a—0a+0e, 

and  finally  we  have 

0D  =  0e. 

Hence  the  proposition  is  proved. 

Fig.  8  shows  a  diagram  composed  of  the  diagrams  shown 
m  Figs.  4  and  G.  in  order  to  give  a  clear  idea  in  the  case  of  the 

practical  use  of  this 
diagram.  1 1  will  easily 
be  seen  from  Fig. 
8,  that  if  we  take  M/ 
equal  to  DE,  the  radial 
velocity  r,  and  con- 
struct a  triangle  Mfi, 
whose  one  side  Mi  is 
the  diameter  of  the 
circular  arc  MZ>,  this 
triangle  will  bo  equal 
to  that  of  DEF,  show- 
ing/£=EF=w,  and  the 
angle  fiM.=ft. 

By  the  graphical 
methods  shown  above,  we  can  always  determine  all  the  rallies  or 
quantities,  that  is  0H,  u,  c,  ic,  r,  a,  and  ft,  if  any  three  of  them  be 


Fig.  8 
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given.  The  arrow-heads  shown  In  Fig.  8  give  the  positive  direc- 
tions of  velocities. 

Diagrams    I    and   II   annexed   to  this  paper  serve  to  the 
practical  use  of  this  diagram. 


Determination  of  the  Entrance  and  Exit 
Velocity  Diagrams  under  the  Best 
Working  Conditions 

When  the  direction  of  the  relative  entrance  velocity  wl  is  the 
direction  of  the  impeller  blade  at  that  point,  it  will  be  considered 
that  no  shock  occurs.  When  the  direction  of  the  absolute  exit 
velocity  c>  from  the  impeller  is  the  direction  of  the  diffuser  blade 
at  its  entrance,  it  will  also  be  considered  that  no  shock  occurs. 

The  triangles  OPQ 
and  OEF  shown  in 
Fig.  9  are  the 
velocity  diagrams  at 
the  entrance  and 
exit  respectively, 
constructed  accord- 
ing to  the  method 
explained  in  the 
preceding  section. 
Here  the  absolute 
entrance  velocity  is 
assumed  to  be  radial, 
c  that  is,  ^=90°.  The 
directions  of  QP  and 
OE  must  be  the 
Fig.  '.)  directions     of  the 

entrance  tips  of  the  impeller  and  diffuser  blades  respectively,  in 
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order  to  fulfil  the  condition  of  no  shocks  there,  and  to  obtain  the 

greatest  hydraulic  efficiency  possible. 

In  order  to  find  the  head  H  from  the  value  g&H  directly 
without  calculation,  it  will  be  convenient  to  draw  in  the  diagram 
a  horizontal  line  UV  at  such  a  distance  from  the  horizontal  axis 
that  OU  equals  g&}  meeting  in  J  with  the  hyperbola  giving  the 
required  value  of  g$H.  Then  dropping  the  vertical  line  XT',  the 
horizontal  amount  UJ  or  OJ'  will  obviously  be  that  value  of  II. 
In  the  same  way,  if  we  take  OU  such  that  OU  equals  g,  the 
horizontal  amount  UJ  or  OJ'  will  be  the  value  of  <f>H.  In 
Diagrams  I  and  II,  a  horizontal  line  corresponding  to  the  line 
UV  is  drawn  so  that  OU  equals  g  or  32*15,  so  that  the  horizontal 
amount  will  give  the  value  of  0H. 

Velocity  Diagrams  when  there  are  Additional  Shock 
Losses  at  the  Entrance  and  Exit 

When  the  quantity  of  water,  head,  velocities,  or  angles  are 
varied  for  a  given  pump,  the  directions  of  the  velocities  wL  and  c2 
become  nun-coincident  with  the  directions  of  the  entrance  tips  of 
the  impeller  and  the  diffuser  respectively,  and  there  arise  additional 
shock  losses  at  those  points.  The  equation  (C)  is  the  fundamental 
hydraulic  equation  for  this  case. 

For  a  given  pump  the  angles  a.y,  a2,  and  /?,  arc  obviously 
unchanged  in  all  cases  (although  it  is  assumed  that  ar  is  always 
constant  and  equal  to  90°).  It  will  be  well  to  assume,  now,  that 
the  value  of  <f>  is  maintained  constant  throughout  all  the  changes  of 
practical  importance,  although  strictly  it  varies  with  the  velocity 
of  Ihe  water. 

From  these  standpoints,  the  discussions  relating  to  a  given 
centrifugal  pump  can  be  easily  made  by  means  of  the  diagram. 
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To  illustrate  the  method,  the  following  two  cases  are  here  shown 
as  examples. 

Case  I. —  Variable  Quantity  of  Flow  with  Constant  Peripheral 
Velocity. 

The  quantity  of  flow  directly  affects  the  radial  velocities  v,  and 
vo.  Consequently  it  will  bo  the  same  thing,  whether  we  say  the 
change  in  flow  or  the  change  in  radial  velocities. 

When  the  quantity  of  flow  undergoes  a  change,  the  original 
radial  velocities  vv  and  v.,  are  also  changed  as  shown  in  Fig.  10 


Fig.  10 

by  OlJ'=v\=c\  and  D'E'=?/2  respectively  in  the  same  proportion  as 
the  quantity,  and  the  value  g$H  originally  represented  by  a 
hyperbola  GL  is  now  changed  to  one  represented  by  another 
hyperbola  G'L',  the  peripheral  velocities  ux  and  u2  being  unchanged. 
The  direction  of  w,=QP  at  the  entrance  now  changes  to  another 
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as  shown  by  QP  ,  and  there  occurs  unavoidably  a  loss  of  head 
"2^-  (see  Fig.  3).  At  the  exit,  the  direction  of  cs=OE  also  changes 
to  another  indicated  by  OE',  and  if  the  diffuser  blades  are  made 
movable  to  fit  this  direction  there  will  occur  no  appreciable 
loss  at  this  section.  If  the  diffuser  blades,  however,  are  fixed 
as  is  usual  in  centrifugal  pumps,  an  additional  loss  of  head 
(see  Fig.  3)  will  result, 

An  additional  but  unavoidable  loss  of  head  for  a  pump  having  a 

fixed  diffuser,  therefore,  will  De(i^~+~2^J  when  the  quantity  of  flow 
undergoes  a  change,  and  consequently  the  value  represented  by  the 
hyperbola  G'L'  will  be  ( 90H  +  -£-  +  -±- J  as  can  be  seen  from  the 

*>  o 

equation  (C).  Hence,  finding  the  values  of  ~  and  separately, 
then  adding  and  then  subtracting  from  the  value  read  by  the 

hyperbola  G'L',  the  resulting  value 
will  be  the  value  of  g^  for  this 
case,  from  which  the  head  H  may 
soon  be  determined  by  a  calcula- 
tion or  by  means  of  the  horizontal 
ne  UV  as  shown  in  Fig.  9. 

To  find  directly  the  values  of 
and  -77-  for  different  values  of 
w0  and  c0,  a  diagram  as  shown  in 
Fig.  11  may  be  conveniently 
used.  In  this  diagram  the  vertical 
axis  is  the  axis  of  wQ  or  c0  and  the 
horizontal  axis  is  that  of-^or-^-. 
By  taking  the  axes  thus,  the 
curve  Obd  will  be  drawn,  by 
which,  for  instance,  the  value  of 


Fig.  11 
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-ipis directly  read  from  the  abscissa  a/>  corresponding  to  the  ordinate 
Qa,  which  gives  the  value  of  w0.  In  Diagrams  I  and  TI  annexed 
lo  this  paper,  the  additional  diagram  on  the  left-hand  of  the  main 
diagram  is  one  drawn  according  to  this  principle  on  the  same  scale 
as  the  main  diagram. 

By  the  use  of  this  auxiliary  diagram  shown  in  Fig  11, 
rind  the  value  of  and  set  this  value  on  the  left-hand  side  of 
the  point  G'  (Fig.  10)  horizontally  on  the  line  of  the  margin  of 
the  diagram.  This  having  been  done,  the  new  point,  say  G"  such 
as  G'G"=  will  be  settled,  and  the  value  represented  by  the 
hyperbola  G"L"  passing  through  G"  will  be  (^^H  +  -^-)-  Then 
again  finding  the  value  of  -4-  by  the  use  of  the  auxiliary  diagram 
and  setting  this  value  on  the  left-hand  side  of  the  point  G" 
horizontally  as  above  explained,  getting  the  new  point  G'",  the 
value  represented  by  the  hyperbola  G"'L"'  passing  through  G'" 
will  be  the  required  value  of  gfiH,  corresponding  to  the  flowr  in 
question.  Now  dividing  this  value  by  00  which  is  assumed  to  be 
a  constant  value  for  a  given  pump,  the  new  head  II  will  be 
immediately  obtained.  It  is  hardly  necessary  to  add  that  this 
dividing  is  done  directly  by  using  the  horizontal  line  UV  as 
shown  in  Fig.  9. 

Velocities  like  w0  and  c0,  which  are  entirely  lost  in  forming 
eddies,  being  all  perpendicular  to  the  directions  QP  and  OE 
respectively,  are  respectively  parallel  as  shown  by  the  dotted  lines 
in  Fig.  10. 

Case  2. — Variable  Peripheral  Velocities,  with  Constant  Quantity 
of  Flow. 

When  the  peripheral  velocity  n2  is  changed,  w,  is  also  changed 
proportionally.  When  these  velocities  are  changed  while  the 
quantity  of  flow  or  the  radial  velocities  remain  constant,  the 
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original  entrance 
velocity  wL  and  the 
exit  velocity  c2  are 
changed  as  shown 
in  Fig.  12  hy 
Q'P=<  and  OE' 
— c2',and  the  value 
0  0  H ;  originally 
represented  by  the 
hyperbola  GL,  is 
now  changed  to 
that  represented 
by  the  hyperbola 
G'L'.  At  the  en- 
trance the  direc- 
tion of  Q'P  now  be- 
comes non-coincident  with  that  of  the  entrance  tip  of  the  impeller 
blade,  and  the  loss  of  head -7^-  results.   Similarly  at  the  exit  another 

loss  of  head  occurs,  if  the  diffuser  blades  are  not  made  movable 
so  they  can  be  set  in  the  direction  OE'.  Consequently  the  resulting 
value  of  g0H  in  this  case  will  be  that  represented  by  the  hyperbola 
G'L' less  by  the  amount  llT  +  ~2y'  and  by  applying  tne  same 
processes  explained  in  the  preceding  case,  it  will  be  seen  that  the 
value  represented  by  the  hyperbola  G"'L"'  is  that  required. 


Conditions  for  Driving  a  Given  Pump  with  Variable 
Speeds  and  with  Greatest  Efficiency 

Let  OEF  and  OPQ  in  Fig.  13,  be  the  original  velocity 
diagram-  with  which  the  given  pump  is  designed.   Take  a  point  E' 


294 


O.  Miyagi : 


on  the  line  OK  or 
on  its  prolongation 
and  draw  a  line  K'F' 
parallel  to  EF,  the 
perpendicular  from 
E'  to  OF'  being 
E'D\  Then  if  the 
peripheral  and  radial 
velocities  are  both 
changed  as  represen- 
ted by  OF'=w2'  and 
D  'K  '=v2'respectively, 
so  as  to  form  a 
triangle  OK'F'  as  its 
transformed  exit 
velocity  diagram, 
there  will  occur  no  ^additional  shock  loss  by  this  transforma- 
tion at  the  exit  from  the  impeller  and  at  the  entrance  into  the 
diffuser. 

When  the  peripheral  velocity  u2  at  the  exit  is  changed  to  an- 
other like  m2',  the  periperal  velocity  OQ=Ui  at  the  entrance  edge 
will  also  be  changed  to  another  like  OQ'=w/  in  the  same  proportion 
as  u2  is  to  u2,  and  at  the  same  time  the  radial  entrance  velocity 
OJ)=v1=c1,  will  now  pass  into  another  like  OP'=r/=c,'  in  the  same 
proportion  as  v2  is  to  v2. 

Now  from  Fig.  13  it  will  easily  be  seen  that  the  following- 
proportion  holds,  viz., 


OF'      OE'  D'E' 


OF 


OE 


DE 
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that  is,  Jh-=i^-, 

But,  as  shown  above,  as  there  always  exist  the  relations 

1t2       1(i  v.,  V 

we  shall  have  the  following  relation 


that  is. 


OQ'  _  OP' 


OQ  OP 

This  shows  us  that  the  lines  Q'P'  and  QP  are  parallel  to  each  other, 
or  in  other  words  the  relative  entrance  velocities  are  always 
parallel.  It  will,  therefore,  also  be  seen  that  there  occurs  no 
additional  loss  at  the  entrance  edge. 

The  above  reasoning  shows  that,  if  the  peripheral  and 
radial  velocities  at  the  exit  are  changed  so  as  to  form  a  triangle 
OE'F',  there  do  not  occur  any  additional  losses- at  all  and  the  value 
g0H  in  this  transformed  state  is  represented  directly  by  the 
hyperbola  G'L'.  This  indicates  the  proper  method  for  driving  a 
pump  with  the  greatest  efficiency  in  case  of  variable  head  and 
variable  flow. 


Graphical  Solution  of  the  Pressure  Difference 
existing  in  the  Clearance  Space 

The  fundamental  equation  (E)  is 
This  may  be  written  in  another  form,  thus 
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From  tliis  equation  the  pressure  difference  A,  in  terms  of  the  head 
of  water  in  feet,  may  be  easily  determined  by  means  of  a  graphical 
solution  by  using  the  same  diagrams  as  those  used  in  the  foregoing 
sections. 

In  Fig.  14,  Let  OEF  and  OPQ  be  the  exit  and  entrance 
velocity  diagrams  respectively,  and  the  corresponding  value  of  gfiH  be 

represented  by  the 
hyperbola  GL.  Find 
the  value  of  -g-  by 
using  the  auxiliary 
diagram    as  shown 
in    Fig.  11,  whose 
practical  diagram  is 
L  given  on  the  left  of 
y  Diagrams  I  and  II 
1  annexed     to  this 
paper,  and  set  this 
value  on  the  main 
diagram     so  that 
GG'  equals  -k-  get- 
Fig.  14  ting  G'  on  the  left- 

hand  side  of  the  point  G.  Then  the  value  represented  by  the 
hyperbola  G'L'  passing  through  G'  will  be  (g#H— °f).  Conse- 
quently, if  the  point  J  be  the  intersection  of  this  hyperbola  with  the 
horizontal  line  UV  which  is  drawn  parallel  to  the  horizontal  axis 
and  distant  from  it  by  the  amount  <j  or  32-15,  the  horizontal 
amount  UJ  or  OJ'  will  evidently  be  j(^H--^t)  which  gives  the 
value  of  the  pressure  difference  hc. 
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If  we  know  the  value  of  he,  the  loss  duo  to  leakage  may  be 
calculated  by  the  formula  (F),  and  the  amount  of  the  axial  thrust 
caused  by  the  impeller  may  be  determined,  if  necessary,  by 
multiplying  hc.  by  the  area  of  the  impeller  wall  exposed  to  the 
clearance  and  a  certain  coefficient  depending  on  the  whirling  due 
to  the  viscosity  of  the  water. 

If  the  value  of  -k-  or  GG  be  equal  to  or  even  greater  than 
GI  (Fig.  14),  the  point  J  will  coincide  with  U  or  fall  on  the  left  of 
U;  this  means  respectively  that  the  pressure  difference  between  the 
entrance  and  exit  is  zero  or  even  negative,  which  corresponds 
to  a  turbine  of  the  impulse  type  as  given  by  the  equation  (G). 
Pumps  of  the  impulse  type  are  rarely  manufactured  in  practice, 
since  in  this  type  the  velocities  of  flow  through  the  impeller 
channel  being  necessarily  great,  the  hydraulic  losses  become  serious, 
though  the  loss  of  flow  due  to  leakage  may  be  absolutely  avoided. 

For  a  given  pump  of  a  given  revolution,  the  loss  due  to  leak- 
age increases  as  the  absolute  exit  velocity  c2  or  the  exit  angle  of 
impeller  /^decreases,  as  will  be  seen  from  the  diagram. 

Entrance  and  Exit  Velocity  Diagrams  when 
the  Absolute  Entrance  Velocity 
is  not  Radial 

Let  the  hyperbolas  GL  and  G,Li  in  Fig.  15,  be  those 
corresponding  to  the  exit  and  entrance  velocity  diagrams  OEF  and 
( >PQ  respectively,  in  a  ease  where  the  absolute  entrance  velocity 
c,  is  not  radial.  Then  the  difference  of  values  represented  by  these 
hyperbolas  will  be  the  value  of  g0H  in  this  case,  as  is  obvious 
from  the  fundamental  equation  (A). 
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Various  discus- 
sions as  explained 
previously  at  length 
under  the  assump- 
tion of  «i=90°,  that 
is,  that  the  absolute 
entrance  velocity  is 
radial,  are  equally 
applicable  if  we  sub- 
stitute the  hyperbola 
G0L0  instead  of  GL. 
The  hyperbola  G0L0 
is  so  taken  that  its 
value  is  equal  to  gfiH 
or  the  difference  of 
the  values  of  the  hyperbolas  GL  and  GjLi.  This  hyperbola  G0L0 
may  he  directly  established  without  calculation  by  taking  GG0 
equal  GJ,  in  which  I  is  the  apex  of  the  right-angled  corner  of 
the  diagram. 

Numerical  Example 

Let  us  consider  an  example  in  which  a  three-stage  centrifugal 
pump  has  to  lift  160  cub.  ft.  of  water  per  min.  through  350  ft.  of 
pipe  against  a  head  of  300  ft. ,  using  an  electric  motor  running  at 
1,000  revolutions  per  min. 

Here  the  total  required  head  If  is  300  ft.  Assuming  now  the 
total  hydraulic  loss  of  head  through  the  350  ft.  pipe  together  with 
the  pump  proper  to  be  30  ft,  the  theoretical  total  head  through 
Avhich  the  pump  strives  to  lift  water  will  be  330  ft.  The  pump  be- 
ing some  three-stage  type,  if  we  consider  the  theoretical  head  of 
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330  ft.  to  lie  equally  distributed  and  borne  among  tbese  tliree 
impellers,  which  assumption  is  practically  approximately  true, 
eacb  impeller  lias  to  be  worked  under  the  theoretical  head  of  110 
ft.  This  head  of  110  ft,  is  the  value  of  used  in  the  previous 
discussions.  Consequently,  by  taking  the  value  of  g  at  32*15  ft.  per 
sec.  per  sec.  we  have 

<70H"=32-15  x  110=3,540. 
Since  021=110  and  H"=100  for  each  impeller,  the  value  of  0 
for  this  example  will  be 

no  M 

II  100 

and  the  maximum  efficiency  obtainable  by  this  pump  will  be 

7=—=— =0-91       or  91%. 
0  1*1 

The  quantity  of  water  160  cub.  ft.  per  min.  is  evidently  the 
required  quantity  to  be  lifted  up  to  the  required  place  ;  but  the 
quantity  through  the  impeller  must  be  more  than  this,  because 
some  water  undoubtedly  goes  back  through  the  clearance  space  be- 
tween the  impeller  and  the  casing  in  addition  to  the  loss  of  water 
through  stuffing  boxes  and  various  joints.  Assuming  the  total 
amount  of  the  lost  water  to  be  5%  of  the  required  quantity,  the 
actual  quantity  passing  through  the  impeller  channel  will  be 
1  -05  x  160=  1 68™""  f7mill.  or  2  -8CHb-  ftysec. 
From  these  conditions  and  referring  the  impeller  of  1,000 
revolutions  per  min.  or  16'7  revolutions  per  sec,  we  shall  general- 
ly be  able  to  determine  suitable  values  of  the  velocities  vu  vs,  ux 
and  u2  as  in  the  usual  design  of  a  centrifugal  pump.  Let  us  assume 
that  suitable  values  of  them  are  as  follows. — 

Radial  velocities,       t'i=9n'/*c.    and  v^T^J^c. 

Peripheral  velocities,    Wi==36£,"/Sec.    and  M2=64ft-/<*c. 
Now  the  value  of  90H  being  3,540  and  assuming  ^=90°,  we  can 
directly   determine,    by   using    Diagram    I,    the   exit  velocity 
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diagram  knowing  the  three  values  g#Hf  r,  and  ui}  and  the  entrance 
velocity  diagram  by  giving  vx  and  m,.  Fig.  1('»  shows  tlic.se 
diagrams  directly  obtained  from  Diagram  T,  from  which  we 
read  the  following  results  :  — 


(64.0) 


3?'  '5' 


2^.  26 

Absolute  entrance  velocity.  Ci=Vi=9ft'/sec 

exit  co=5G£7a.e. 
Relative  entrance  velocity,  w1=37ft,/gec. 

exit  „  w2=llf7Sec. 

Entrance  angle  of  impeller,  /91=14D 
Exit  &=38°  15' 

Entrance  angle  of  diffuser,  a.,=7° 
Pressure  difference  in  the  clearance  space,  hc—62st 
To  use  Diagrams  I  and  II,  set  a  tracing  paper  on  it  and 
draw  your  required  diagrams  on  that  paper. 

The   variations  in  H,   he,   the  hydraulic  efficiency  V,  and 
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several  other  quantities  or  values  with  respect  to  the  variations  in 
the  quantity  of  flow  or  the  radial  outlet  velocity  v%  are  shown  by 
curves  in  Fig.  17.    These  curves  have  been  plotted  by  reading 

H  »-d  he 


Fig.  17 
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the  corresponding  values  direct  on  Diagram  I  which  I  have 
used  to  solve  the  above  example,  and  the  process  applied  here  is 
that  explained  with  Fig.  10.  The  relations  in  the  variations 
in  various  quantities  or  values  may  easily  be  obtained*  in  a  similar 
manner  by  the  convenient  use  of  Diagram  I  or  IT. 


Specific  Speed 

Velocities  in  hydraulic  machines  are  sometimes  conveniently 
expressed  in  terms  of  specific  speeds.  The  ratio  of  a  velocity  to 
that  due  to  the  total  head  is  called  the  specific  speed  of  that 
velocity.  Consequently  the  specific  speed  is  a  mere  number 
always  less  than  unity. 

If  the  total  head  H  is  entirely  converted  into  velocity,  it  will 
acquire  a  velocity  equal  to  V  2gH-  So,  the  specific  speeds  of 
velocities  u,  c,  and  v,  for  instance,  will  be  respectively  ^y^gH ' 
>  and   /tj-ff  •   Lei  the  specific  speed  be  represented  by  a 


notation  with  a  bar  on  it,  as  for  instance  u,  c  and  v  be  the  specific 
speeds  of  velocities  u,  c,  and  v  respectively,  and  be  substituted 
instead  of  velocity.  Then  the  fundamental  equations  (A),  (B), 
(C),  (D),  (E),  and  (G)  will  respectively  transform  into 

6 

•  Us  c2cosa., — Ci  cosa^-g-   (A') 

U,  a-,  cos«.,=  n  {B') 

a 
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*<=(4-f) 


(B') 


or 


0<  Cl 


{G'\ 


') 


From  the  equation  (B'),  it  will  at  once  be  seen  that  the 
application  of  the  specific  speed  to  the  present  diagram  can  soon 
be  done,  which  is  sometimes  convenient.  Here  the  horizontal 
and  the  vertical  axes  are  the  axes  of  c  and  u,  and  the  rectangular 
hyperbolas  give  the  values  of  simply.  The  methods  of  applica- 
tions and  the  uses  of  such  a  diagram  are  self-evident  from  the 
above  equations  and  referring  the  foregoing  explanations,  and 
consequently  I  will  repeat  no  further. 

The  chief  reason  that  the  diagram  in  terms  of  specific  speeds 
is  sometimes  convenient,  is  that  the  specific  speed  is  a  mere 
number  ranging  from  0  to  1.  and  therefore  the  values  written  in 
the  diagram  are  comparatively  simplified  and  also  one  diagram 
seiwes  always  for  all  speeds. 


There  is  a  series  of  rectangular  hyperbolas  in  the  diagram  here- 
introduced,  and  consequently  it  may  not  be  unnecessary  to  add  a 
few  notes  on  the  drawing  of  these  hyperbolas. 

The  most  common  and  convenient  way  to  draw  a  rectangular 
hyperbola  having  a  given  value  of  g0H  is  as  shown  in  Fig.  1 8. 
Let  OX,  OY  be  the  horizontal  and  vertical  axes  respectively,  and 
construct  a  rectangle  OXMY.  These  axes  are  the  axes  of  veloci- 
ties and  they  must  be  drawn  with  the  same  scale.    Draw  a 
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vertical  line  AB  so  that  the  product  of  OY  and  OA  equals  <7J*ff 
and  thus  fix  a  point  B  on  the  Line  YM.    Draw  any  number  of 

radial  linos  from  O 
such  as  OB',  OB", 
meeting  AB  in  a,  h 
respectively.  Then 
the  points  a',  b' 
which  are  the  in- 
tersections of  the 
horizontal  and  ver- 
tical lines  drawn 
from  a,  b  and  B',  B" 
respectively  will  be 
the  points  determin- 
ing the  hyperbola 
X  Ba'b'C  having  the 
Fi9-  18  given  value  of  (J0H. 

Now,  in  Fig.  19,  let  BC  be  a  rectangular  hyperbola 
obtained  by  such  a  method  as  above  explained,  then  the  series 
of  such  hyperbolas  will  be  easily  drawn  by  the  method  follow- 
ing.— 

Draw  a  number  of  horizontal  (or  vertical)  lines  such  as  //', 
mm',  nri  cutting  the  hyperbola  BC  at  4,  4,  4.  Divide  the  left- 
hand  portions  Z4,  mi,  ?i4  into  an  equal  number  of  equal  divisions 
respectively,  and  proceed  to  divide  the  right-hand  portions  equally 
with  the  same  pitches  as  the  left-hand  divisions.  Then  the  curves 
connecting  these  corresponding  divisions  will  determine  the  series 
of  hyperbolas  required.  The  curves  shown  in  broken  lines  are 
such  hyperbolas. 
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If  the  value  of  the  hyperbola  BC  is  s^-ET,  or  in  general  K,  and 

the  number  of  divisions  on  the  left  of  BC  is  JV,  the  values  of  these 

K     2K  SK 

hyperbolas  counting  from  the  left  will  clearly  be  '> 

■iK 

—fl->  <&c.  For  instance,  if  the  number  of  divisions  on  the  left  of 
BC  is  four  as  shown  in  Fig.  1'.',  the  values  of  the  hyperbolas  111, 


K     K  SK 


iK 


222,  333,  444,  &c.  will  be  respectively  -j-,  — p  >J,r>— f 
&c. 

The  above  method  is  equally  applicable  if  we  use  vertical  lines 
such  as  pq,  instead  of  horizontal  lines. 
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